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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C00AP/AP-6/AP-8 

TMPZ84C00AF/AF-6 


TMPZ84GOOAP, TMPZ84C00AP-6, TMPZ84C00AP-8, TMPZ84C00AF, TMPZ84C00AF-6 
TLCS-Z80 CPU: 8-BIT MICROPROCESSOR 


1. GENERAL DESCRIPTION AND FEATURES 

THE TMPZ84C00A (from here on referred to as Z80 or CPU) is CMOS version of 
Z80 CPU which provides low power operation and high performance. 

Built into the CMOS Z80 microprocessor are all bus control, memory 
control, and timing signals in addition to eight general purpose 16-.bit 
registers and an arithmetic-and-logic unit. The CMOS Z80 is fabricated 
using Toshiba's CMOS Silicon Gate Technology. 


1.1 FEATURES 

o Software Compatible with the Zilog Z80 CPU 
o DC to 4MHz Operation (TMPZ84C00AP/AF) 
o DC to 6MHz Operation (TMPZ84C00AP-6/AF-6) 
o DC to 8MHz Operation (TMPZ84C00AP-8) 
o Single 5V Power Supply : 5V + 10% 
o Powerful Set of 158 Instructions 

o Duplicate Sets of Both General-purpose and Flag Registers 
o Two Interrupt Inputs _ 

- Non-maskable Interrupt (MMI) _ 

- 3 Modes of Maskable Interrupt (INT) 

o 8080 Compatible (Non-Z80 Peripheral Device) (Mode 0) 
o Restart (Mode 1) 

o Z80 Family Peripheral with Daisy Chain (Model 2) 
o Low Power Consumption 

9mA Typ. @4MHz@5V (TMPZ84COOAP/AF) 

15mA Typ. @6MHz@5V (TMPZ84C00AP-6/AF-6) 

20mA Typ. @8MHz@5V (TMPZ84COOAP-8) 

Less than lOuA @5V (Stand-by) 
o Extended Operating Temperature 
-40‘C to 85‘C 
o Two Indexed Registers 
o 10 Addressing Modes 

o On-chip Dynamic Memory Refresh Counter 
o 40 pin DIP package, 44 pin Mini Flat package. 


Z80 is a trademark of Zilog Inc. 


3 





TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


2. PIN CONNECTIONS AND PIN FUNCTIONS 
2.1 PIN CONNECTIONS (TOP VIEW) 
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(Note) Connect Pin 39 and Pin 17 externally. 
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Fig. 2.2 MFP Pin Connections 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C00AP/A^6/A^8 

TMPZ84C00AF/AF-6 


2.2 FIN NAMES AND FIN DESCRIFTION 

(1) A0-A15, Address Bus (output, active High, 3«state) 

AO-AIS form a 16-bit address bus. The Address Bus provides the address 
for memory data bus exchanges (up to 64K bytes) and for I/O device 
exchanges. 

(2) BUSAC9C. Bus Acknowledge (output, active Low) 

Bus Acknowledge indicates to the requesting device that the CPU address 
bus 9 data bus, and control signals HRIQ, lORQ, RD, and WR have entered 
their high impedance states. The external circuitry can now control these 
lines • 


(3) BUSREQ* Bus Request (input, active Low) 

Bus Request has a higher priority than NMl and is always recognized at the 
end of the current machine cycle. BUSREQ forces the GPU address bus, 
data, and control signals MREQ, lORQ, RU, and WR to go to a high-impedance 
state so that other devices can control these lines. BUSREQ is normally 
wire-ORed and requires an external pullup for these applications. 
Extended BUSREQ periods due to extensive DMA operations can prevent the 
CPU from properly refreshing dynamic RAMs. 

(4) D0-D7. Data Bus (input/output, active High, 3-Btate) 

D0-D7 constitute an 8-bit bidirectional data bus, used for data exchange 
with memory and I/O. 

(5) HALT. Halt State (output, active Low) 

HALT indicates that the CPU has executed a Hal instruction and is awaiting 
either a non-maskable or a maskable interrupt (with the mask enabled) 
before operation can resume. While halted, the CPU executes HOPs to 
maintain memory refresh. 

(6) INT, Interrupt Request (input, active Low) 

Interrupt Request is generated by I/O devices. The CPU honors a request 
at the end of the current instruction if the internal software-controlled 
interrupt enable flip-flop (IFF) is enabled. INT is normally wire-ORed 
and requires an external pull-up for these applications. 

(7) lORQ. Input/Output Request (output, active Low, 3-8tate) 

lORQ indicates that the lower half of the address bus holds a valid I/O 
address for an I/O read or write operation. lORQ is also generated 
concurrently with Ml during an interrupt acknowledge cycle to indicate 
that an interrupt response vector can be placed on the data bus. 

(8) Ml. Machine Cycle One (output, active Low) 

Ml, together with MREQ, indicates that the current machine cycle is the 
opcode fetch cycle of an instruction execution. Note that during 
execution of 2-byte op-codes always begin with CBH, DDH, EDH or FDH. Ml 
. occurs with lORQ to indicate an interrupt acknowledge cycle. 

(9) MREQ. Memory Request (output, active Low, 3-state) 

MREQ indicates that the address bus holds a valid address for a memory 
read or memory write operation. 
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TOSHIBA 

TMPZ84C00AP/AP-6/AP-8 

TECHNICAL DATA 

TMPZ84C00AF/AF-6 


(10) HMl. Non-Maskable Interrupt (input, active Low) 

NMl has higher priority than INT. NMI is always recognized at the end of 
the current instruction, independent of the status of the interrupt enable 
flip-flop, and automatically forces the CPU to restart at location 0066H. 

(11) RD. Memory Read (output, active Low, 3-state) 

RD indicates that the CPU wants to read data from memory or an I/O device. 
The addressed I/O device or memory should use this signal to gate data 

onto the CPU data bus. 

(12) RESET. Reset (input, active Low) 

RESET initializes the CPU as follows; it resets the interrupt enable 
flip-flop, clears the PC and Registers I and R, and sets the interrupt 
status to Mode 0. During reset time, the address and data bus go to a 

high-impedance state, and all control output signals go to the inactive 

state. Note that RESET must be active for a minimum of three full clock 
cycles before the reset operation is complete. 

(13) RFSH. Refresh (output, active Low) 

RFSH together with MREQ, indicates that the lower seven bits of the 

system's address bus can be used as a refresh address to the system's 
dynamic memories. 

(14) WAIT. Wait (input, active Low) 

WAIT indicates to the CPU that the addressed memory or I/O devices are not 
ready for a data transfer. The CPU continues to enter a Wait state as 
long as this signal is active. Extended WAIT periods can prevent the CPU 
from refreshing dynamic memory properly. 

(15) WR. Memory Write (output, active Low, 3-state) 

WR indicates that the CPU data bus holds valid data to be stored at the 
addressed memory or I/O location. 

(16) CLK. clock (input) 

Single phase system clock input. When CLK is a DC state (either a high or 
low level), CPU stops its operation and maintains resisters and control 
signals. 

(17) VCC. Power Supply 
+5V 

(18) VSS. Power Supply 
Ground refernece (OV). 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMPZ84C00AP/AP-6/AP-8 

TECHNICAL DATA 

TMPZ84C00AF/AF-6 


3. FUNCTIONAL DESCRIPTION 
3.1 BLOCK DIAGRAM 


VOG * 

Vss 

CLOCK - 



OUTPUTS 


Fig. 3.1 BLOCK DIAGRAM 


3.2 CPU REGISTERS 

The internal registers contain 208 bits of read/write memory that are 
accessible to the programmer. These registers include two sets of six 
general-purpose registers which may be used individually as either 8-bit 
registers or as 16-bit register pairs. In addition, there arfe two sets 
of accumulator and flag registers. A group of "Exchange** instructions 
makes either set of main or alternate registers accessbile to the 
programmer. The alternate set allows operation in foregound-background 
mode or it may be reserved for very fast interrupt response. 
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TOSHIBA 
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The Z80 also contains a Stack Pointer, Program Counter, two index 
registers, a Refresh register (counter), and an Interrupt register. 
Figure 3 shows the registers within the Z80 CPU. 

Table 1 provides further information on these resisters. 


MAIN RSaiSTER SET 


ALTERNATE REQISTEK SET 


A AOCUMUIATCF 

P FIAQ REGISTER 

A' ACXXJMULATCR 

r FIAQ REGISTER 

B GENERAL PURPOSE 

C GENERAL PURIOBE 

B' GENERAL RJRPOSE 

C' GENERAL PURPOSE 

D (ffiNERAL PURPOSE 

E GENERAL PURPOSE 

G GENERAL PURPOSE 

El GENERAL PURPOSE 

H GENERAL PURPOSE 

L GENERAL PURPOSE 

Pr GENERAL PIRPOSE 

L' GENERAL PURPOSE 


GENERAL 

PURPOSE 

REGISTERS 


8 BITS. 


16 BITS 


INTERRUPT FLIP. FLOPS STATLB 



8 BITS 


0 0 INTERRUPT MOEEO 

0 1 NOT USED 

1 0 INTERRUPT M0M51 

1 1 INTEF-RUPT MODE 2 


FIGURE 3. CPU REGISTERS 
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TABLE 1. Z80 CPU REGISTERS 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C00AP/AP-6/AP-8 

TMPZ84C00AF/AF-6 


(1) Special Purpose Registers 

• Program Counter (PC) 

The program counter is 16-bit counter and holds the 16-bit address of 
the current instruction being fetched from memory. The PC is automatically 
incremented after its contents have been transferred to the address lines. 

When a program jump occurs the new valve is automatically placed in the PC, 
overriding the incrementer. 

• Stack Pointer (SP) 

The stack pointer holds the 16-bit address of the current top of a stack 
located anywhere in external system RAM memory. The external stack memory is 
organized as a last-in first-out (LIFO) file. Data can be pushed onto the 
stack from specific CPU registers or popped off of the stack into specific 
CPU registers through the execution of PUSH and POP instructions. The data 
popped from the stack is always the last data pushed onto it. The stack 
allows simple implementation of multiple level interrupts, unlimited subroutine 
nesting and simplification of many types of data manipulation. 

• Two Index Registers (IX & lY) 

The two independent index registers hold a 16-bit base address that is 
used in indexed addressing modes. In this mode, an index register is used 
as a base to point to a region in memory from which data is to be stored or 
retrieved. An additional byte is included in indexed instructions to specify 
a displacement from this base. This displacement is specified as a two*s 
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TMPZ84C00AP/AP-6/AP-8 

TECHNICAL DATA 

TMPZ84C00AF/AF-6 


complement signed integer. This mode of addressing greatly simplifies many 
types of programs, especially where tables of data are used. 

• Interrupt Page Address Register (I) 

The Z80CPU can be operated in a mode where an indirect call to any 
memory location can be achieved in response to an interrupt. The I Register 
is used for this purpose to store the high order 8-bits of the indirect address 
while the interrupting device provides the lower 8-bits of the address. 

This feature allows interrup routines to be dynamically located anywhere in 
memory with absolute minimal access time to the routine, 

• Memory Refresh Register (R) 

The Z80CPU contains a memory refresh counter to enable dynamic memories 
to be used with the same ease as static memories. Seven bits of this 8-bit 
register are automatically incremented after each instruction fetch. The 
eighth bit will remain as programmed as the result of an LD R, A instruction. 
The data in the refresh counter is sent out on the lower portion of the 
address bus along with a refresh control signal while the CPU is decoding 
and executing the fetched instruction. This mode of refresh is totally 
transparent to the programmer and does not slow down the CPU operation. 

The programmer can load the R register for testing purposes, but this register 
is normally not used by the programmer. During refresh, the contents of the 
I register are placed on the upper 8 bits of the address bus. 
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(2) Accumulator and Flag Registers 

The CPU includes two independent 8~bit accumulators and associated 8-bit 
flag registers. The accumulator holds the results of 8-bit arithmetic or 
logical operations while the flag register indicates specific conditions for 
8 or 16-bit operations, such as indicating whether or not the result of an 
operation is equal to zero. The programmer selects the accumulator and flag 
pair that he wishes to work with a single exchange instruction so that he may 
easily work with either pair. 

(3) General Purpose Registers 

There are two matched sets of general purpose registers, each set 

containing six 8-bit registers that may be used individually as 8-bit registers 

or as 16-bit register pairs by the programmer. One set is called BC, DE and 

HL while the complementary set is called BC*, DE* and HL*. At any one time 

J:he programmer can select either set of registers to work with through a 

single exchange command for the entire set. In systems where fast interrupt 

response is required, one set o general purpose registers and an accumulator- 

flag register may be reserved for handling this very fast routine. Only a 

simple exchange commands need be executed to go between the routines. This 

greatly reduces interrupt service time by eliminating the requirement for 

saving and retrieving register contents in the external stack during interrupt 

or subroutine processing. These general purpose registers are used for a wide 

* range of applications by the programmer. They also simplify programming, 

especially in ROM based systems where little external read/write memory is 
available. 
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ARITHMETIC ^ LOGIC UNIT (ALU) 


The 8-bit arithmetic and logical instructions of the CPU are executed 
in the ALU. Internally the ALU communicates with the registers and the 
external data bus on the internal data bus. 

The type of functions performed by the ALU include; 


Add 

Subtract 
Logical AND 
Logical OR 
Logical Exclusive OR 
Compare 


Left or right shifts or rotates (arithmetic 
and logical) 

Increment 

Decrement 

Set bit 

Reset bit 

Test bit 


INSTRUCTION REGISTER AND CPU CONTROL 

As each instruction is fetched from memory, it is placed in the 
instruction register and decoded. The control section performs this 
function and then generates and supplies all of the control signals 
necessary to read or write data from or to the registers, controls the ALU 
and provides all required external control signals. 
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FLAGS 

Each of the two Z80 CPU Flag registers contains six bits of information 
which are set or reset by various CPU instructions. Four of these bits are 
testable; that is, they are used as conditions for jump, call or return in¬ 
structions. The four testable flag bits are; 

1) Carry Flag (C) - This flag is the carry from the highest order bit 
of the accumulator. For example, the carry flag will be set during 
an add instruction where a carry from the highest bit of the accumu¬ 
lator is generated. This flag is also set if a borrow is generated 
during a subtraction instruction. The shift and rotate instructions 
also affect this bit. 

2) Zero Flag (Z) - This flag is set if the result of the operation load¬ 
ed a zero into the accumulator. Otherwise it is reset. 

3) Sign Flag (S) - This flag is intended to be used with signed numbers 
and it is set if the result of the operation was negative. Since 
bit 7 (MSB) represents the sign of the number (A negative number has 
a 1 in bit 7), this flag stores the state of bit 7 in the accumula¬ 
tor. 

A) Parity/Overflow Flag (P/V) - This dual purpose flag indicates the 
parity of the result in the accumulator when logical -operations are 
performed (such as AND A, B) and it represents overflow when signed 
two*s complement arithmetic operations are perfomed. The Z80 overflow 
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flag Indicates that the two*s complement number in the accumulator 
is in error since it has exceeded the maximum possible (+127) or is 
less than the minimum possible (-128) number that can be represented 
two’s complement notation. 


There are also two non-testable bits in the flag register. Both of these are 
used for BCD arithmetic. 


1) Half carry (H) = This is the BCD carry or borrow result from the 
least significant four bits of operation. When using the DAA (Dec¬ 
imal Adjust Instruction) this flag is used to correct the result of 
a previous packed decimal add or subtract. 

2) Add/Subtract Flag (N) - Since the agorithim for correcting BCD oper¬ 
ations is different for addition or subtraction, this flag is used 
to specify what type of instruction was executed last so that the 
DAA operation will be correct for either addition or subtraction. 


The Flag register can be accessed by the programmer and its format is as fol¬ 
lows : 


D7 D6 D5 D4 D3 D2 D1 DO 


S I Z I X I H I X I P/V|n7^ 


X means flag is indeterminate. 
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The Table 2 lists how each flag is affected by various CPU instructions. 

• -indicates that the instruction does not change the flag. 

• *X* means that the flag goes to an indeterminate state. 

• ’R* means that it is reset. 

• *S* means that it is set. 

• *0* indicates that it is set or reset according to the previous dis¬ 

cussion. 

Note) Any instruction not appearing in the table 2 does not affect any 
of the flags. 

Table 2 includes a few special cases that must be described for clarity. 
Notice that the block search instruction sets the Z flag if the last compare 
operation indicated a match between the source and the accumulator data. 

Also, the parity flag is set if the byte counter (register pair BC) is not 
equal to zero. This same use of the parity flag is made with the block move 
instructions. Another special case is during block input or output instruc¬ 
tions, here the Z flag is used to indicate the state of register B which is 
used as a byte counter. Notice that when the I/O block transfer is complete, 
the zero flag will be reset to a zero (i.e. B=0) while in the case of a block 
move command the parity flag is reset when the operation is complete. A 
final case is when the refresh or I register is loaded into the accumulator, 
the interrupt enable flip flop is loaded into the parity flag so that the 
complete state of the CPU can be saved at any time. 
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Instruction 

ADD A,s;ADC A,s 


SUB I s; SBC A,s; 

CP s; NEC 

AND s 


OR s; XOR s 

i 

INC s 


DEC s 


ADD DD, SS 


ADC HL, SS 


SBC HL, SS 


RLA; RLCA; RRA; 

RRCA 

RL s 1 RLC s 1 RR s ^ RRC s ^ 
SLA s; SRA s; SRL s 

RLD; RRD 


DAA 


CPL 


SCF 


CCF 


IN r, (C) 


INI; IND; OUTI; 

OUTD 

INIRt INDR; OTIR; OTDR 

U>l{ LDD 


LDIR; LDDR 



Coirnnents 


X V R o 8-*bit add or add with carry 

X V S o 8-bit subtract, subtract with 

carry, compare and negate 
accumulator 


P R R 
P R R 


Logical operations 


X V R - 8-bit increment 

X V S - 8-bit decrement 

X - R o 16-bit add 

X V R o 16-bit add with carry 

XXX V So 16-bit subtract with carry 

R X - R o Rotate accumulator 

R X P R o Rotate and shift locations 

R X P R - Rotate digit left and right 

ox P - o Decimal adjust accumulator 
S X - S - Complement accumulator 

R X - R S Set carry 

XX - R o Complement carry 
R X P R - Input register indirect 

XX X S X Block input and output 
xSxxx X Sx Z-0 if otherwise Z=1 
X X R X o R - Block transfer Instructions 

X X R X R R - P/V=l if BC?«0, otherwise P/V=0 
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Instruction 


CPI; CPIR; CPD; CPDR 


LD A, I; LD A, R 


BIT b, s 




S - Block search instructions 
Z-1 if A“(HL), otherwise 
Z=0 

P/V=l if BC^O, otherwise 
P/V=0 

R - The content of the interrupt 
enable flip-flop (IFF) is 
copied into the P/V flag. 

R - The state of bit b of 

location s is copied into the 
Z flag 


TABLE 2. SUMMARY OF FLAG OPERATION 
The following notation is used in this table; 


SYMBOL OPERATION 

C Carry/link flag. C=1 if the operation produced a carry from 

the MSB of the operand or result. 

Z Zero flag. Z=1 if the result of the operation is zero. 

S Sign flag. S=1 if the MSB of the result is one. 

P/V Parity or overflow flag. Parity (P) and overflow (V) share the 

same flag. Logical operations affect this flag with the parity 
of the result while arithmetic operations affect this flag with 
the overflow of the result. 

If P/V holds parity, P/V=l if the result of the operation is 
even, P/V*0 if result is odd. If P/V holds overflow, P/V=l if 
the result of the operation produced an overflow. 

H Half-carry flag. H=1 if the add or subtract operation produced 

a carry into or borrow from bit A of the accumulator. 
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SYMBOL OPERATION 

N Add/Subtract flag. N=1 if the previous operation was a subtract. 

H and N flags are used in conjunction with the decimal adjust 
instruction (DAA) to properly correct the result into packed 
BCD format following addition or subtraction using operands with 
packed BCD format. 

The flag is affected according to the result of the operation. 

The flag is unchanged by the operation. 

R The flag is reset by the operation. 

S The flag is set by the operation. 

o The flag is affected according to the result of the operation. 

X The flag is a "don’t care". 

V P/V flag affected according to the overflow result of the 

operation. 

P P/V flag affected according to the parity result of the operation. 

r Any one of the CPU registers A, B, C, D, E, H, L. 

s Any 8-bit location for all the addressing modes allowed for the 

particular instruction. 

ss Any 16-bit location for all the addressing modes allowed for 

that instruction. 

I I resister 

R Refresh counter. 

n 8-bit value in range <0, 255> 

nn 16-bit value in range <0, 65535> 
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INTERRUPT 

The CPU accepts two interrupt input signals: NMI and INT. The N>II is 
a non-maskable interrupt and has the highest priority. INT is a lower 
priority interrupt since it requires that interrupts be enabled in software 
in order to operate. Either NMI or INT can be connected to multiple 
peripheral devices in a wired-OR configuration. 

The Z80 has a single response mode for interrupt service for the 
non-maskable interrupt. The maskable interrupt, INT, has three programmable 
response modes available. 

These are: 

• Mode 0 — compatible with the 8080 microprocessor. 

• Mode 1 — Peripheral Interrupt service, for use with non-8080/Z80 systems. 

• Mode 2 — a vectored interrupt scheme, usually daisy-chained, for use with 

Z80 family and compatible peripheral devices. 

Both the INT and I'lMI inputs are sampled by the CPU on the rising edge 
of CLK in the last T state of the last Machine (M) cycle of any instruction. 
However, if BUSRQ is active at the same time, it will be processed before any 
interrupts. Figure 4 illustrates the Z80 interrupt service sequence. 


20 - 




integrated circuit 

TOSHIBA 

TMPZ84C00AP/AP-6/AP-8 

TECHNICAL DATA 

TMPZ84C00AF/AF-6 



NOTE (1) INT and NMI are always 
acted on at the end of 
an instruction. 

(2) BUSRQ is acted on at 
the end of a machine 
cycle. 

(3) While the CPU is in the 
DMA MODE, it will not 
res pon d t o ac tive inputs 
on INT or NMI. 


(4) These three inputs are 

acted on in the following 
order of priority. 

1) BUS RQ — highest 

2) NMI 

3) INT — lowest 


SET IWT. F/V 


BUSRQ, f DMA 

F/F=l / y mode 


RESET 
BUSR(^ F/> 
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(1) Non-Maskable Interrupt (NMI) 

The non-maskable interrupt cannot be disabled by program control 
and therefore will be accepted at all times by the CPU. NMI is usually 
reserved for servicing only the highest priority type interrupts, such 
as that for orderly shutdown after power failure has been detected. 
After recognition of the NMI signal (providing BUSREQ is not active), 
the CPU jumps to restart location 0066H. Normally, software starting 
at this address contains the interrupt service routine. 

(2) Maskable Interrupt (INT) 

Regardless of the interrupt mode set by the user, the Z80 CPU 
response to a maskable interrupt input follows a common timing cycle. 
After the interrupt has been detected by the CPU (provided that 
interrupts are enabled and EUSREQ is not active) a special interrupt 
processing cycle begins. This is a special fetch (Ml) cycle in which 
lORQ becomes active rather than MREQ, as in a normal Ml cycle. In 
addition, this special Ml cycle is automatically extended by two WAIT 
states, to allow for the time required to acknowledge the interrupt 
request and to place the interrupt vector on the bus. 

Mode 0 Interrupt Operation 

This mode is compatible with the 8080 microprocessor interrupt 
service procedures. The interrupting device places an instruction on 
the data bus. 


- 22 ~ 





integrated circuit 

TOSHIBA 

TMPZ84C00AP/AP-6/AP-8 

TECHNICAL DATA 

TMPZ84C0eAF/AF-6 


This is normally a Restart Instruction, which will initiate an 
unconditional jump to the selected one of eight restart locations in 
page zero of memory. 

• Mode 1 Interrupt Operation 

Mode 1 operation is very similar to that for the NMI. The 
principal difference is that the Mode 1 interrupt has a vector address 
of 0038H only. 

• Mode 2 Interrupt Operation 

This interrupt mode has been designed to utilize most effectively 
the capabilities of the Z80 microprocessor and its associated peripheral 
family. The interrupting peripheral device selects the starting address 
of the interrupt service routine. It does this by placing an 8-bit 
address vector on the data bus during the interrupt acknolwedge cycle. 

The high-order byte of the interrupt service routine address is supplied 
by the I (Interrupt) register. This flexibility in selecting the 
interrupt service routine address allows the peripheral device to use 
several different types of service routines. 

These routines may be located at any available location in memory. Since 
the interrupting device supplies the low-order byte of the 2-byte vector, 
bit 0 (Ao) must be a zero. 

Figure 5 illustrates the vector processing sequence. 
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Z80 CPU MEMORY 



VECTOR TABLE 


NOTES: 

1) Interrupt vector generated by peripheral is read by CPU during 
interrupt acknowledge cycle. 

2) Vector combined with I register contents form 16~bit memory address 
pointing to vector table. 

3) Two bytes are read sequentially from vector table. These 2 bytes 
are read into PC. 

4) Processor control is transferred to interrupt service routine and 
execution continues. 


FIGURE 5. VECTOR PROCESSING SEQUENCE 
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(3) Interrupt Ptiorily (Daisy (,’haining and Nested Interrupts). 

The interrupt priority of each peripheral device is deteiniined by its 
physical location within a daisy-chain configuration. Eacli device in the 
chiiin has an interrupt enable input line (lEI) and an interrupt enable output 
line (lEO), which is fed to the next lower priority device. The first device 
in the daisy chain has its lEI input hardwired to a High level. The first 
device has highest priority, wdiile each succeeding device has a con esponding 
lower priority. This arrangement permits the CPU to select the highest 
priority interrupt from several simultaneously interrupting peripherals. 

The interrupting device disables its TEO line to the next lower priority 
peripheral until has been serviced. After servicing, its lEO line is 
raised, allowing lower priority peripherals to demand interrupt servicing. 

The Z80 CPU will nest (queue) any pending interrupts or interrupts 
received while a selected peripheral is being serviced. 

(4) Interrupt Enable/Disable Operation. 

In the Z80“CPU there is an enable flip flop (called IFF) that is set or 
reset by the programmer using the Enable Interrupt (El) and Disable Interrupt 
(DI) instructions. When the IFF is reset, an interrupt (except NMT) cannot 
be accepted by the CPU. 
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Actually, there are two enable flip flops, called IFFi and IFF 2 . 



Actually disables interrupts 
from being accepted. 


IFF 2 


Temporary storage location 
for IFFi. 


A reset to the CPU will force both IFFi and IFF 2 to the reset state so 
that interrupts are disabled. # They can then be enabled by an El instruction 
at any time by the programmer. When an El instruction is executed, any 
pending interrupt request will not be accepted until after the instruction 
following El has been executed. This single instruction delay is necessary 
for cases when the following instruction is a return instruction and inter¬ 
rupts must not be allowed until the return has been completed. Both IFFi 
and IFF 2 can be enabled by execution of the El instruction. When an 
interrupt is accepted by the CPU, both IFFi and IFF 2 are automatically reset, 
inhibiting further interrupts until a new El instruction is executed. 

Note that for all of the previous cases, IFFi and IFF 2 are always equal. 

The purpose of IFF 2 is to save the status of IFFj when a non-maskable 
Interrupt occurs. When a non-maskable interrupt is accepted, IFFj is reset 
to prevent further interrupts until reenable by the programmer. Thus, after 
a non-maskable Interrupt has been accepted maskable interrupts are disabled 
but the previous state of IFFi been saved so that the complete state of 
the CPU just prior to the non-maskable interrupt can be restored at any time. 
When a Load Register A with Register I (LD A, I) instruction or a Load Register 
A with Register R (LD A, R) instruction is executed, the state of IFF 2 
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copied into the parity flag where it can be tested or stored. 

A second method of restoring the status of IFFi is thru the execution 
of a Return From Non-Maskable Interrupt (REIN) instruction. Since this 
instruction indicates that the non maskable interrupt service routine is 
complete, the contents of IFF 2 are now copied back into IFFi, so that the 
status of IFFi just prior to the acceptance of the non-maskable interrlipt 
will be restored automatically. 

Operation of the two flip-flops is described in Table 3* 


— 27 — 





integrated circuit 

TOSHIBA 

TMPZ84C00AP/AP-6/AP-8 

TECHNICAL DATA 

TMPZ84C00AF/AF-6 


Action 

IFFi 

IFF 2 

Coiranents 

CPU Reset 

0 

0 

Maskable interrupt 

INT disabled 

DI instruction 
execution 

0 

0 

Maskable interrupt 

INT disabled 

El instruction 
execution 

1 

1 

Maskable interrupt 

INT enabled 

LD A,I instruction 
execution 

- 

- 

TFF 2 Parity flag 

LD A,R instruction 
execution 

- 


IFF 2 Parity flag 

Accept NMI 

0 

IFFi 

IFFi IFF 2 

(Maskable interrupt 

INT disabled) 

RETN instruction 
execution 

IFF 2 


IFF 2 IFFi at 

completion of an NMI 
service routine. 

Accept INT 

0 

0 


RETI 

- 

- 



Note) indicates no change. 


TABLE 3. STATE OF FLIP-FLOPS 
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CPU TIMING 

The Z80 CPU executes instructions by proceeding through a specific 
sequence of operations. These include; 

Memory read or write 
I/O device read or write 
Interrupt acknowledge 

All instructions are merely a series of these basic operations. Each 
of these basic operations can take from three to six clock periods to complete 
or they can be lengthened to synchronize the CPU to the speed of external 
devices. The basic clock periods are referred to as T states and the basic 
operations are referred to as M (for machine) cycles. Figure 6 illustrates 
how a typical instruction will be merely a series of specific M and T cycles. 
Notice that this instruction consists of three machine cycles (Ml, M2 and M3). 
The first machine cycle of any instruction is a fetch cycle which is four, 
five or six T states long (unless lengthened by the wait signal). The fetch 
cycle (Ml) is used to fetch the OP code of the next instruction to be executed. 
Subsequent machine cycles move data between the CPU and memory or I/O devices 
and they may have anywhere from three to five T cycles (again they may be 
lengthened by wait states to synchronize the external devices to*the CPU). 

The following paragraphs describe the timing which occurs within any of the 
basic machine cycles. 
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T State 



FIGURE 6. BASIC CPU TIMING EXAMPLE 

All CPU timing can be broken down into some very simple timing 
diagrams as shown in Figure 7 through lA. These diagrams show the following 
basic operations with and without wait states (wait states are added to 
synchronize the CPU to slow memory or I/O devices). 

Fig. 7 Instruction OP code fetch (Ml cycle) 

Fig. 8 Memory data read or write cycles 

Fig. 9 I/O read or write cycles 

Fig. 10 Bus Request/Acknowledge Cycle 

Fig. 11 Interrupt Request/Acknowledge Cycle 

Fig. 12 Non maskable Interrupt Request/Acknowledge Cycle 

Fig. 13 Exit from a HALT instruction 

Fig. 14 Reset Cycle 
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(1) Instruction fetch 

Figure 7-0 shows the timing during an Ml cycle (OP code fetch). Notice 
that the PC is placed on the address bus at the beginning of the Ml cycle. One 
halt clock time later the MREQ signal goes active. At this time the address 

to the memory has had time to stabilize so that the falling edge of MREQ can 

be used directly as a chip enable clock to dynamic memories. The RD line 
also goes active to indicate that the memory read data should be enabled onto 
the CPU data bus. The CPU samples the data from the memory on the data bus 
with the rising edge of the clock of state T3 and this same edge is used by 

the CPU to turn off the RD and MREQ signals. Thus the data has already been 

sampled by the CPU before the RD signal becomes inactive. Clock state T3 and 
T4 of a fetch cycle are used to refresh dynamic memories. (The CPU uses this 
time to decode and execute the fetched instruction so that no other operation 
could be performed at this time). During T3 and T4 the lower 7-bits of the 
address bus contain a memory refresh address and-the RFSH signal becomes 
active to Indicate that a refresh read of all dynamic memories should be 
accomplished. Notice that a RD signal is not generated during refresh time 
to prevent data from different memory segments from being gated onto the data 
bus. The MREQ signal during refresh time should be used to perform a refresh 
read of all memory elements. The refresh signal cannot be used by itself 
since the refresh address is only guaranteed to be stable during MREQ time. 
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Figure 7-1 illustrates how the fetch cycle is delayed if the memory 
activates the WAIT line. During T2 and every subsequent Tw, the CPU samples 
the WAIT line with the falling edge of CLK. If the WAIT line is active at 
this time, another wait state will be entered during the following cycle. 
Using this technique the read cycle can be lengthened to match the access 
time of any type of memory device. 
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(2) Memory read or write 

Figure 8-0 illustrates the timing of memory read or write cycles other 
than an OP code fetch (Ml cycle). These cycles are generally three clock 
periods long unless wait states are requested by the memory via the WAIT 
signal. The MREQ signal and the RD signal are used the same as in the fetch 
cycle. In the case of a memory write cycle, the MREQ also becomes active 
when the address bus is stable so that it can be used directly as a chip 
enable for dynamic memories. The WR line is active when data on the data 
bus is stable so that it can be used directly as a R/W pulse to virtually 
any type of semiconductor memory. 

Furthermore the WR signal goes inactive one halt T state before the address 
and data bus contents are changed so that the overlap requirements for 
virtually any type of semiconductor memory type will be met. 
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Figure 8-1 Illustrates how a WAIT request signal will lengthen any 
memory read or write operation. This operation is identical to that 
previously described for a fetch cycle. Notice in this figure that a 
separate read and a separate write cycle are shown in the same figure 
although read and write cycles can never occur simultaneously. 



’\read 

fCYCLE 


’ \WRITE 
fCYCLE 


FIGURE 8-1. MEMORY READ OR WRITE CYCLES WITH WAIT STATES 
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(3) Input or output cycles 

Figure 9-0 illustrates an I/O read or I/O write operation. Notice that 
during I/O operations a single wait state is automatically inserted. The 
reason for this is that during I/O operations, the time from when the lORQ 
signal goes active until the CPU must sample the WAIT line is very short and 
without this extra state sufficient time does not exist for an I/O port to 
decode its address and activate the WAIT line if a wait is required. Also, 
without this wait state it is difficult to design MOS I/O devices that can 
operate at full CPU speed. During this wait state time the WAIT request 
signal is sampled. During a read I/O operation, the RD line is used to enable 
the addressed port onto the data bus just as in the case of a memory read. 

For I/O write operations, the WR line is used as a clock to the I/O port, 
again with sufficient overlap timing automatically provided so that the 
rising edge may be used as a data clock. 

Figure 9-1 Illustrates how additional wait states may be added with the 
WAIT line. The operation is identical to that previously described. 
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FIGURE 9-0. INPUT OR OUTPUT CYCLES 
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FIGURE 9-1. INPUT OR OUTPUT CYCLES WITH WAIT STATES 
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(4) Bus request/acknowledge cycle 

Figure 10 Illustrates the timing for a Bus Request/Acknowledge cycle. 

The BUSRQ signal is sampled by the CPU with the rising edge of the last clock 
period of any machine cycle. If the BUSRQ signal is active, the CPU will set 
its address, data and tri-state control signals to the high impedance state 
with the rising edge of the next clock pulse. At that time any external 
device can control the buses to transfer data between memory and I/O devices. 
(This is generally known as Direct Memory Access [DMA] using cycle stealing). 

The maxunyn time for the CPU to respond to a bus request is the length 
of a machine cycle and the external controller can maintain control of the 
bus for as many clock cycles as is desired. 

Note, however, that if very long DMA cycles are used, and dynamic memories 
are being used, the external controller must also perform the refresh 
function. This situation only occurs if very large blocks of data are 
transferred under DMA control. Also note that during a bus request cycle, 
the CPU cannot be interrupted by either a NMI or an INT signal. 



FIGURE 10. BUS REQUEST/ACKNO”! EDGE CYCLE 
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(5) Interrupt request/acknowledge cycle 

Figure 11-0 illustrates the timing associated with an interrupt cycle. 
The interrupt signal (INT) is sampled by the CPU with the rising edge of the 
last clock at the end of any instruction. The signal will not be accepted 
if the internal CPU software controlled interrupt enable flip-flop is not 
set or if the BUSRQ signal is active. When the signal is accepted a special 
Ml cycle is generated. During this special Ml cycle the lORQ signal becomes 
active (instead of the normal MREQ) to indicate that the interrupting device 
can place an* 8-bit vector on the data bus. Notice that two wait states are 
automatically added to this cycle. These states are added so that a ripple 
priority interrupt scheme can be easily implemented. The two wait states 
allow sufficient time for the ripple signals to stabilize and identify which 
I/O device must insert the response vector. 
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Figure 11-1 illustrates how additional wait states can be added to the 
interrupt response cycle. Again the operation is identical to that previously 
described. 
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(6) Non maskable interrupt response 

Figure 12 illustrates the request/acknowledge cycle for the non-maskable 
interrupt. A pulse on the NMI input sets an internal NMI latch which is 
tested by the CPU at the end of every instruction. This NMI latch is 
sampled at the same time as the interrupt line, but this line has priority 
over the normal interrupt and it cannot be disabled under software control. 

Its usual function is to provide immediate response to important signals such 
as an impending power failure. The CPU response to a non maskable interrupt 
is similar to a normal memory read operation. The only difference being that 
the content of the data bus is ignored while the processor automatically 
stores the PC in the external stack and jumps to location 0066H. The service 
routine for the non maskable interrupt must begin at this location if this 
interrupt is used. 

(7) Halt acknowledge cycle and exit 

Whenever a software halt instruction is executed the CPU begins executing 
NOP’s until an interrupt is received (either a non-maskable or a maskable 
interrupt while the interrupt flip flop is enabled). The two interrupt lines 
are sampled with the rising clock edge during each T4 state as shown in 
Figure 13. If a non-maskable interrupt has been received or a maskable 
interrupt has been received and the interrupt enable flip-flop is set, then 
the halt state will be exited on the next rising clock edge. The following 
cycle will then be an interrupt acknowledge cycle corresponding to the type 
of interrupt that was received. If both are received at this time, then the 
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non maskable one will be acknowledged since it was highest priority. The 
purpose of executing NOP instructions while in the halt state is to keep the 
memory refresh signals active. Each cycle in the halt state is a normal Ml 
(fetch) cycle except that the data received from the memory is ignored and 
a NOP instruction is forced internally to the CPU. The halt acknowledge 
signal is active during this time to indicate that the processor is in the 
halt state. 



♦ M12 and M3 are stack write operations 


FIGURE 12. NON MASKABLE INTERRUPT RESPONSE 



HALT INSTRUCTION EXECUTE NOP 
IS RECEIVED 
DURING THIS 
MEMORY CYCLE 


FIGURE 13. HALT ACKNOWLEDGE CYCLE AND EXIT 
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(8) Reset cycle 

RESET ^ust be active for at least three clock cycles for the CPU to 
properly accept it. As long as RESET remains active, the address and data 
buses float, and the control outputs are inactive. 

Once RESET goes inactive, two internal T cycles are consumed before the CPU 
resumes normal processing operation. RESET clears the PC (program counter), 
so the first Opcode fetch will be to location 0000^. 

(See Figure 14.) 



FIGURE 14. RESET CYCLE 
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POWER DOWN FUNCTION 

When system clock to Z80 CPU is stopped at either a high or low level, 
Z80 CPU stops its operation and maintains registers and control signals. 

However IqcZ Stand-by Supply Current is guaranteed only when the 
supplied system clock is stopped at a low level during T4 state of the 
following machine cycle (actually that is Ml cycle and executes NOP instruc¬ 
tion) next to opcode fetch cycle of HALT instruction. The timing diagram 
when POWER D0\^ FUNCTION is implemented by HALT instruction is shown as 
figure 15. 

This function can be easily realized when T6A97 clock generator con¬ 
troller is connected with Z80 CPU. 


opcode fetch 
cycle of HALT 
instruction 
(Ml cycle) 


Execution of 
NOP 

(Ml cycle) 


Tl T2 T3 T4 Tl T2 T3 T4 

JiJHjmjiJijTJi 
n_I I_I 


HALT 




FIGURE 15. TIMING DIAGRAM OF POWER DOWN FUNCTION 
BY HALT INSTRUCTION 

RELEASE FROM POWER DOWN STATE 

The system clock must be supplied to Z80 CPU to release power down state. 
When the system clock is supplied to CLK terminal of Z80 CPU, CPU restarts 
operation continuously from the state when power down function has been 
implemented. 
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Note the followings when release from power down state. 

(1) When external oscillator has been stopped to enter power down state, some 
warming-up time may be required to obtain precious and stable system 
clock for release from power down state. 

(2) When HALT instruction is executed to enter power down state, Z80 CPU will 
enter HALT state. An interrupt signal (NMI or INT) or RESET signal must be 
generated to Z80 CPU after the system clock is supplied to release power down 
state. Otherwise Z80 CPU is still in HALT state even if the system clock 

is supplied. 

Figure 16 shows an example to connect with T6497 clock generator/controller. 
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INSTRUCTION SET 

The Z80 microprocessor has one of the most powerful and versatile 
instruction sets available in any 8-bit microprocessor. 

It includes such unique operations as a block move for fast, efficient data 
transfers within memory or between memory and I/O. It also allows operations 
on any bit in any location in memory. 

The Z80 CPU can execute 158 different instruction types including all 
78 of the 8080A CPU. 

The instructions are devided into the following categories: 

• 8-bit loads 

• 16-bit loads 

• Exchanges, block transfers, and searches 

• 8-bit arithmetic and logic operations 

• General-purpose arithmetic and CPU control 

• 16-bit arithmetic operations 

• Rotates and shifts 

• Bit set, reset, and test operations 

• Jumps 

• Calls, returns, and restarts 

• Input and output operations 
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A variety of addressing inodes are implemented to permit efficient and 
data transfer between various registers, memory locations, and input/output 
devices. These addressing modes are as follows; 

• Immediate 

• Immediate extended 

• Modified page zero 

• Relative 

• Extended 

• Indexed 

• Resister 

• Resister indirect 

• Implied 

• Bit 
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_INTEGRATED CIRCUIT 

^ TECHNICAL DATA 

TMPZ84C00AP/AP-6/AP-8 

TMPZ84C00AF/AF-6 

8-BIT LOAD GROUP 




Notes: r,r means any of the registers A, B, C, D, E, H, L 

IFF the content of the interrupt enable flip-flop (IFF) is copied into the P/V flag 
Flag Notation: - »flag not affected, R* flag reset, S * flag, set. 

0 *fla^ is affected according to the result of the operation. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C00AP/AP-6/AP-8 

TMPZ84C00AF/AF-6 




Instruction Code 1 


Mnemonic 

D7D6D5D4D3D2DJD0 

Hex 1 























integrated circuit 

TOSHIBA 

TMPZ84C00AP/AP-6/AP-8 

TECHNICAL DATA 

TMPZ84C00AF/AF-6 



Instruction 

Code 


Operation 

Flags 

No. of 

No.of M 

No. of T 



Mnemonic 

D 7 D 6 DsDi«D 3 D 2 Dj^Do 

Hex 

B 

E 

B 


B 

B 

Bytes 

Cycles 

States 

Comments 

PUSHqq 

1 

1 

q 

q 

0 

1 

0 

1 


(SP- 2 )-^qqL 

- 

- 

- 

- 

- 

- 

1 

3 

11 

qq 

Pair 











(SP-l)-qqH 










00 

BC 











SP-^-SP -2 










01 

DE 

PUSH IX 

1 

1 

0 

1 

1 

1 

0 

1 

DD 

(SP- 2 )<-IXl 

- 

B 

- 

- 

B 

- 

2 

mnQim 

15 

m 

HL 


1 

1 

1 

0 

0 

1 

0 

1 

E 5 

(SP-D-^IXh 

SP->SP -2 


1 



1 



■ 


11 

AF 

PUSH lY 

1 

1 

1 

1 

1 

1 

0 

1 

FD 

(SP- 2 )-hIYl 

- 

B 

B 

B 

0 

- 

2 

4 

15 




1 

1 

1 

0 

0 

1 

0 

1 

E 5 

(SP- 2 )-hIYh 

SP->'SP -2 


1 

1 

1 

1 







POPqq 

1 

1 

q 

q 

0 

0 

0 

1 


qqj|'^(SP 4 -l)l 

qqL-^(SP) 


1 

1 

1 

1 

1 

1 


10 













SP-^SP +2 


■ 

■ 

■ 

■ 

■ 






POPIX 


T 

T 

T 

T 

T 

T 

1 

DD 

IXh-(SP+ 1 ) 


- 

- 

- 

- 

- 

2 

4 

14 




1 

1 

1 

0 

0 

0 

0 

1 

El 

IXl-^(SP) 

SP^-SP +2 







1 





POPIY 

T 

T 

T 

T 

T 

T 

"o" 

1 

FD 

IYh-^(SP+ 1 ) 

“ 

- 

- 

- 

- 

- 

2 

4 

14 



i 

1 

1 

1 

0 

0 

0 

0 

1 

El 

IYl-^(SP) 

SP->-SP +2 













Notes: dd is any of the register pairs BC, DE, HL, SP 
qq is any of the register pairs AF, BC, DE, HL 

(PAIR)u, (PAIR)l refer to high order and low order eight bits of the register pair 
respectively, e.g. BCl«C, AFh*A 
Flag Notation: - » flag not affected, R»flag reset, S == flag set, 

0 *=flag is affected according to the result of the operation. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C00AP/AP-6/AP-8 

TMPZ84CB0AF/AF-6 


EXCHANGE GROUP AND BLOCK TRANbhtR AND SEARCH GROUP 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C00AP/AP-6/AP-8 

TMPZ84C00AF/AF-6 



Instruction Code 



Nmenomlc 

IS&Q3E&5B3EI9I 

Operation 

CPDR 

lliOllOl 

£D 

A-(HL) 


ro 1 1 1 0 0 1 

B 9 

HL^HL -1 

BOBC -1 

Repeat 

until 

A»(HL)or 
BC «0 


Notes: ® P/V flag is 0 if the result of BC* 1 ,* 0 , otherwise P/V»l 
@ Z flag is 1 if A-(HL), otherwise Z- 0 . 

Flag Notation: - * flag not affected, R » flag reset, S » flag set. 

0 * flag is affected according to the result of the operation. 

*1 LDI; Load (HL) into (DE), increment the pointers and decrement the byte 

counter (BC). 

*2 ; If BC ?«0 and A^(HL) 

*3 : If BC «0 or A»(HL) 
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integrated circuit 

TOSHIBA 

TMPZ84C00AP/AP-6/AP-8 

TECHNICAL DATA 

TMPZ84C00AF/AF-6 


8-BIT ARITHMETIC AND LOGICAL GROUP 


Mnemonic 

•Instruction Code 

Operation 

Flags 

No. of 

Bytes 

No. of M 

Cycles 

No. of T 

States 

Comments 

DyDfc D 5 D 4 D 3 D 2 D 1 Do 

Hex 

a 

B 

Q 


a 

a 


nsisraraBB 


A”^A-fr 

B 

□ 

B 

a 

Q 

9 

1 

1 

A 

r Reg. 

000 B 

001 C 

010 D 
oil E 

100 H 

101 L 

111 A 

■s is any 
of r, n, 
(HL),(IX+d), 
(IY+d)as 
shown for 

ADD inst¬ 
ruction. 

The in¬ 
dicated 
bits replace 
the 1 000 I in 
the ADD set 
above. 

s is any of 
r,(HL), 
(IX+d),(IY 
+d) as shown 
for INC. 

DEC same 
format and 
states as 

INC. 

ReplacellOOl 
vithflMlin 

OP Code. 




A-^A+n 

1 

8 

8 

1 

8 

8 

2 

2 

7 

1 ADD A.(HL) 



beebsob 

□ 

□ 

B 

□ 

B 

e 

1 

2 

7 




1111 

0 

0 

0 

V 

R 

0 







imi 

1 

0 

0 

V 

1 

1 


1 

1 


ADCA.s 

■HiiMQilHIIIII 



bl 

El 

El 

a 

m 

a 

SUBs 


A-^-A-s 

Q 

B 

B 

a 

m 

a 

SBCA.s 



0 

0 

a 

V 

S 

0 

ANDs 


A^A / s 

Q 

El 

s 

D 

m 

□1 

ORs 


inSSEHl 

Q 

B 

B 

B 

S 

Q 

XORs 

cno] 

A'^A 0 s 

B 

m 

B 

B 

□ 

□ 

CPs 


ESBHH 

Q 

B 

B 

a 

B 

El 

INCr 

MiBmwM'JI 


K3S29HH 

B 

El 

El 

a 

y 

- 

I 

HS 

A^ 

INC(HL) 

BiMMViliWiKUl 

. 


B 

B 

B 

a 


- 

1 

EB 

11 

INC(IX+d) 

11011101 

0 0 11 oil 0 d! 

--d-- 



1 

1 

1 

1 

1 

1 

3 


23 

INC(IY4d) 

11111101 
0011 oil 0 ol 



1 

1 

1 

1 

1 

1 

3 

6 

23 

DECS 

□ZO] 



0 

0 

0 

V 

S 



_ 

1 


Notes: The V symbol in the P/V flag column indicates that the P/V flag contains the 

overflow of the result of the operation. Similarly the P symbol indicates parity. 
V*1 means overflow, V»0 means not overflow, P»1 means parity of the result is even, 
P«0 means parity of the result is odd. 

Flag Notation: - » flag not affected, R ■ flag reset, S » flag set, 

0 * flag is affected according to the result of the operation. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TIIIIPZ84C00AP/AP-6/AP-8 

TMPZ84C00AF/AF-6 


GENERAL PURPOSE ARITHMETIC AND CPU CONTROL GROUPS 



Instruction 

Code 



Flags 

No. of 

No. of M 

No. of T 


Mnemonic 

D7D6D5DttD3D2D}Do 

Hex 

Operation 

S 


g 

i 

N 

C 

Bytes 

Cycles 

States 

Comments 

DAA 

0 

0 

10 0 

1 

1 

1 


Converts 

0 

0 

0 

P 

- 

0 

1 

|n|H 

A 

Decimal 










acc, content 










adjust ac- 









■ 

into packed 
BCD follow- 








■ 


cumulator 









1 

ing add or 
subtract 
with packed 
BCD oper¬ 
ands 








1 



CPL 

0 

0 

1 0 

1 

1 

1 

1 

m 


- 

8 

1 

8 

1 

8 

■B 

IB 



NEG 

1 

1 

1 0 

1 

1 

0 

1 

IB 


El 

Q 

g 

D 

1 



2 

8 



0 

1 

0 0 

0 

1 

0 

0 

AA 


■ 

1 


■ 

I 

■ 

■■ 




CCF I 

Q 

El 


D 

1 

1 

1 

3F 

CY-^-CY 

B 

D 

1 

D 

□ 



1 

A 


SCF 

13 

El 

m 

□ 

a 

D 

m 

37 

CY-^1 

- 

-1 

1 

B 

m 

a 

BS 

1 

A 


NOP 

0 

0 

0 0 

0 

0 

0 

0 

00 

No opera¬ 
tion 

1 

“ 

- 

- 

- 

8 

Bl 

1 

A 



0 

1 

1 1 

0 

1 

1 

0 

76 

CPU halted 

- 

B 

B 

- 




1 

A 


DI* 

1 

1 

1 1 

0 

0 

1 

1 

F3 

IFFH3 

B 

B 

B 

B 


- 

1 

1 

A 


El* 

1 

1 

1 1 

1 

0 

1 

1 

mm 

IFF<^-1 

- 

B 

H 

5 

B 

a 

1 

1 

A 


IM 0 

1 

1 

1 0 

1 

1 

0 

1 

ED 

Set inter- 

- 

D 

B 

B 

B 

a 

2 

2 




0 

1 

0 0 

0 

1 

1 

0 

A6 

rupt mode 

0 


1 

1 

1 

1 






IM 1 

1 

1 

1 0 

1 

1 

0 

1 

ED 

Set inter- 

B 

B 

B 

B 

- 

- 

2 

2 

s 



© 

1 

0 1 

0 

1 

1 

0 

56 

rupt mode 

1 

1 

1 

1 

1 







IH 2 

1 

1 

1 0 

1 

1 

0 

1 

ED 

Set inter¬ 
rupt mode 

1 

I 

1 

8 


- 

2 


8 



0 1 

0 1 

1 

1 

1 0 

5E 

2 

1 

1 

1 

J 








Notes: IFF Indicates the interrupt enable flip-flop 
CY indicates the carry flip-flop. 


Flag Notation: - « flag not affected, R « flag reset, S * flag set, X = flag is unknown, 
0 “ flag is affected according to the result of the operation. 

* Interrupts are not sampled at the end of El or DI 
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TMPZ84C00AP/AP-6/AP-8 

TECHNICAL DATA 

TMPZ84C00AF/AF-6 


16-BIT ARITHMETIC GROUP 


Mnemonic 

Instruction 

Code 


Operation 

Flags 

No. of 

Bytes 

No. of M 

Cycles 

No. of T 

States 

Comments 

D 7 D 6 D 5 D^ 

D 

JD 2 D 

Do 

Hex 

S 

Z 

H 


N 

c 

ADD HL,ss 

0 

0 

s 

s 

1 

0 

0 

1 


HL-hHL+ss 

1 

B 

X 

B 

S 

c 

1 

3 

11 

ss 

Reg. 

ADC HL.ss 

1 

1 

1 

0 

1 

1 

0 

1 

ED 

HUHL+ss+CY 

0 

0 

T 

V 

R 

0 

2 

4 

15 

00 

BC 


0 

1 

s 

s 

1 

0 

1 

0 












01 

DE 

SBC HL,ss 

1 

1 

1 

0 

1 

1 

0 

1 

ED 

HL-^HL-ss-CY 

9 

B 

B 

B 

a 

u 

2 

4 

15 

10 

HL 


0 

1 

s 

s 

0 

0 

1 

0 



I 

■ 

M 

B 

1 

B 




11 

SP 

ADDIX,pp 

1 

1 

0 

1 

1 

1 

0 

1 

DD 

iX-^IX+pp 

B 


xi 


r 

0 

2 

4 

15 

PP 

Reg. 


1 

1 

p 

P 

1 

0 

0 

1 



1 









00 

BC 












1 









01 

DE 












1 









10 

IX 












■ 









11 

SP 

ADDIY,rr 

1 

1 

1 

1 

1 

1 

0 

1 

FD 

lY-^IY+rr 

- 


X 

- 

R 

0 

2 

4 

15 

rr 

Reg. 


0 

0 

r 

r 

1 

0 

0 

1 



I 









00 

BC 












1 









01 

DE 












1 









10 

lY 












1 









11 

SP 

INCss 

~0 

T 

s 

s 

~0 

T 

T 

1 


SS'^-SS+l 

B 


- 

- 

- 

- 

1 i 

1 

6 



INCIX 

1 

1 

0 

1 

1 

1 

0 

1 

DD 

IX-^IX+1 

B 


B 


a 

B 


HQH 

10 




0 

0 

1 

0 

0 

0 

1 

1 

23 


1 


1 


1 

B 


HHB 




INCIY 

1 

1 

1 

1 

'1 

1 

0 

1 

FD 

miY+1 

B 


B 


B 


^5 

nom 

10 




0 

0 

_ 1 ^ 

_0_ 

0 

0 

1 

1 

23 


1 


1 


1 







DECss 

0 

0 

s 

s 

1 

o' 

1 

1 " 


SS'^SS-l 

B 


B 


a 


BHH 


6 



DECIX 

1 

1 

0 

1 

1 

1 

0 

1 

DD 

IX^IX-1 

B 

B 

B 


a 




10 




0 

0 

1 

0 

1 

0 

1 

1 

2B 


1 

B 

1 


1 




BHIHB 



DECIY 

1 

1 

1 

1 

1 

1 

0 

1 

FD 

IY-^IY-1 

B 

H 

fl 


a 




IBSH 

■ 



0 

0 

1 

0 

1 

0 

1 

1 

2B 


1 

1 

1 


1 




IBH 




Notes: 


ss is any of the register pairs BC, DE, HL, SP 
pp is any of the register pairs BC, DE, IX, SP 
rr is any of the register pairs BC, DE, lY, SP. 


Flag Notation: - 
0 


flag not affected, R ® flag reset, S - flag set, X = flag is unknown, 
flag is affected according to the result of the operation. 
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TMPZ84C00AP/AP-6/AP-8 

TECHNICAL DATA 

TMPZ84C00AF/AF-6 


ROTATE AND SHIFT GROUP 


Mnemonic 

Instruction Code 

Operation 

Flags 

No. of 

Bytes 

No. of M 

Cycles 

No. of T 

States 

Comments 

D7D6D5D^D3D2DlDo 

Hex 


z 

H 

% 

N 

C 

RLCA 

00000111 

07 


- 


R 


R 

0 

1 

1 

A 

•Rotate left 
circular ac¬ 
cumulator 
•Rotate left 
accumulator 
•Rotate right 
circular ac¬ 
cumulator 
•Rotate right 
accumulator 
•Rotate left 
circular re¬ 
gister r 
r Reg. 

A 

RLA 

00010111 

17 

A 

- 

- 

R 

“ 

R 

0 

1 

1 

A 

RRCA 

00001111 

OF 




R 


R 

0 

1 

1 

A 


RRA 

00011111 

IF 

A 

- 

■“ 

R 

“ 

R 

0 

1 

1 

A 

RLCr 

110 0 10 11 

0 0 lo 0 Ol -r- 

CB 


0 

0 

R 

p 

R 

0 

2 

2 

8 

RLC(HL) 

11001011 

0 0 10 0 01 1 1 0 

CB 

0 

0 

R 

p 

R 

0 

2 

A 

15 

RLC(IX+d) 

11011101 
11001011 
d IT 

DD 

CB 

oM 

ir.(HL), 

(IX+d), 

(lY+d) 

0 

0 

R 

p 

R 

0 

4 

6 

23 

000 B 

001 c- 

010 D 

Oil E 

100 H 

101 L 

111 A 

Instruction 
format and 
states are 

3s shown for 
RLC's. To 
form new 
Op-Code re¬ 
place rooo 1 

of RLC’s 
with shown 
code. 

0 0 lo 0 01 1 1 0 

RLC(IY4d) 

11111101 

11001011 

FD 

CB 

0 

0 

R 

p 

R 

0 

A 

6 

23 

-T, ^ 

oofcoolooo 

RLs 

|o 1 q 



0 


R 

p 

R 

0 




LE3-{SS-J 

ssr,(HL), 

(IX+d),(IY+4) 

RRCs 

KULJU 


•HZ3B-U3) 
s=r.(HL), 
(IX+d),(IY+4l 

0 

"o 

¥ 

¥" 

¥ 

¥| 




RRs 

lO'l 11 



0 

"o 

¥ 

¥ 

¥ 

¥ 



I 

s=r,(HL), 

(IX+d),(IY+c| 

SLAs 

tnnn 


EyHBH) ' 

s=r,(HL), 

(IX+D),aY+4) 

0 

“0 

¥ 


¥ 

¥ 




SRAs 

mo ii 


s=r.(HL). 

(lX+D),aY+d) 

0 




R 






ino 


o-CHQ-EyI 

S5r,(HL), 

ax-l-d),aY+d) 

"o 

”0 

¥ 

T 

¥ 

¥" 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C00AP/AP-6/AP-8 

TMPZ84C00AF/AF-6 


Mnemonic 

Instruction Code 

Operation 


'lags 

No. of 

Bytes 

No. of M 

Cycles 

No. of T 

States 

Comments 

D 7 D 6 D 5 D»* D3D2D1D0 

Hex 

s 

z 

H 


N 

C 

RLD 

11101101 

OllOllll 

ED 

6 F 

(HL) 

0 

0 

R 

P 

R 


2 

5 

18 

Rotate digit 
left & right 
between the 
accumulator 
and location 
(HL). The 
content of 
the upper 
half of the 
accunmlator 
is unaffect¬ 
ed . 


11101101 

0 110 0 111 

ED 

67 

(HL) 

0 

0 

R 

P 

R 


2 1 

5 

18 


Flag Notation: - * flag not affected, R = flag reset, S = flag set, 

0 * flag is affected according to the result of the operation. 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMPZ84C00AP/AP-6/AP-8 

TECHNICAL DATA 

TMPZ84C0eAF/AF-6 


BIT SET, RESET AND TEST GROUP 


Mnemonic 


Operation 

Flags 

Na of 

Bytes 

No. of M 

Cycles 

Na of T 

States 

Comments 


Hex 

a 

S 


% 

N 

C 

BIT b,r 

1 I 0 0 1 0 1 1 

0 1—b—-r-^ 

CB 

Z-^rb 

1 

I 

I 

X 

R 

- 

2 

2 

8 

r 

000 

001 

010 

oil 

100 

101 

111 

b 

000 

001 

010 

oil 

100 

101 

110 

111 

Reg. 

B 

C 

D 

E 

H 

L 

A 

Bit 

Tested 

0 

1 

2 

3 

4 

5 

6 

7 

BIT b,(HL) 

illToioil 

0 l^b^ 110 


Z*^-(HL)b 

a 

1 

1 

X 

R 


2 

3 

12 

BIT b,(lX-fd)b 

110 11101 
11001011 

-d-- 

0 1 —b— 110 

DD 

CB 

Z^(lX+d)b 


1 

s 

X 

R 


4 

5 

20 

BIT b,(IY+d)b 

11111101 

11001011 

--d-- 

0 1 ^b-^ 110 

FD 

CB 

Z^(IY-Hi)b 

X 

0 

s 

X 

R 


4 

5 

20 

SET b,r 

11001011 
ini—b-~-r— 

CB 

rb^l 

1 

1 

- 

- 

- 

- 

2 

2 

8 

To form new 
Op Code re¬ 
place O of 
SET b,s with 
m . Flags 
and time 
states for 
SET inst¬ 
ruction 

SET b,(HL) 

11001011 
O-b— 110 

CB 

(HL)b-^l 


1 

- 




2 

4 

15 

SET b,(IX+d) 


DD 

CB 

(IX+d)b^l 







4 

6 

23 



FD 

CB 

(IY+d)b^l 







4 

6 

23 

RES b,s 

O 


Sfa-^O 

sar {HD, 

(..i+d) 











Notes: Tlie notation s^ indicates bit b (0 to 7) or location s. 


Flag Notation: - 
0 


flag not affected, R * flag reset, S « flag set, X » flag is unknown, 
flag is affected according to the result of the operation. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84COOAP/AP-6/A^8 

TMPZ84C00AF/AF-6 




Instruction Code | 


Mnemonic 

DyDgDsDit DsDaDi Do 

1 Hex 

Operation 

JPnn 

11000011 

C3 

PC-<-nn 


—.. n-- 






JR NZ,e 00100000 20 If Z«l. 

continue 

--e-2-- If Z=0, 

PC-HPC+e 



1110 10 0 1 

1 E9 ! 

1 PC-^-HL 



1 

1 

0 

1 

1 

1 

-Q 

1 

1 

1 

1 

0 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

0 

1 

0 

0 

1 




000 

NZ non 
aero 

001 

Z zero 

010 

NC non 
carry 

oil 

C carry 

100 

PO pari- 


101 PE pari¬ 
ty even 

110 P sign 
positive 

111 M sign 
negative 


If condition 
not met 
If condition 
is met 

If condition 
not met 
If condition 
is met 
If condition 
not met 
If condition 
is met 

If condition 
not met 
If condition 
is met 


Notes: e represents the extension in the relative addressing mode, e is a signed two s com¬ 
plement number in the range <126,129>. e-2 in the op-code provides an effective 

address of pc+e as PC is incremented by 2 prior to the addition of e. 

Flag Notation: - » flag not affected, R » flag reset, S « flag set, 

0 « flag is affected according to the result or the operation. 
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1 

Instruction Code 



Mnemonic 

1 

D 7 D 6 D 5 D 14 D 3 D 2 D 1 Do 

Hex 

Operation 

CALLnn 

[ 

110 0 110 1 

--- n —.. 

---n-^ 

CD 

(SP-l)-^PC„ 

(SP-2)*PCl 

PC*-nn 





otnervlse 
same Is 
CALLnn 


PCl^(SP) 

PCh-^(SP+1) 


If condi¬ 
tion cc is 
false con¬ 
tinue, 
otherwise 
same as 


11101101 ED Return from 

01001101 AD interrupt 


11101101 

01000101 



SP-1)-^PCh 

(SP-2)’hPCl 

PCh^ 

PCl^ 


No. of 

No. of M 

No. of T 


Bytes 

Cycles 

States 

Comments 

3 

5 

17 


3 

3 

10 

If cc is 
false 

3 

5 

17 

If cc is 
true 

1 

3 

10 


1 

1 

5 

If cc is 



000 

NZ non 


zero 

001 

Z zero 

010 

NC non 


carry 

oil 

C carry 

100 

PO pari¬ 
ty odd 

101 

110 

PE pari¬ 
ty even 

P sign 


positive 

111 

M sign 
negative 

t 

P 

000 

OOH 

001 

OSH 

010 

lOH 

oil 

18H 

100 

20H 

101 

28H 

110 

30H 

111 

38H 


RETN loads IFFo 


Flag Notation: - * flag not affected, R * flag reset, S * flag set, 

0 * flag is affected according to the result of the operation. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84G00AP/AP-6/AP-8 

TMPZ84C00AF/AF-6 



Notes: ^ If the result of B-1 Is zero the Z flag is sec, otherwise It is reset. 

Flag Notation: - » flag not affected, R » flag reset, S • flag set, X * flag Is unknown, 
0 * flag is affected according to the result of the operation. 
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integrated circuit 

TOSHIBA 

TMPZ84C00AP/AP-6/AP-8 

TECHNICAL DATA 

TMPZ84C00AF/AF-6 


4. ELECTRICAL CARACTERISTICS 
4.1 ABSOLUTE MAXIMUM RATINGS 


1 SYMBOL 

ITEM 

—r 

RATING 1 

1 VCC 


—r 

-0.5V to 7V 1 

1 VIN 


hbbui 



Power Dissipation (TA=85*C) 

r 

1 

ITSOLDER 

Soldering Temperature (Soldering Time 10 

sec) 1 

260-C 1 

1 TSTG 

Storage Temperature 

1 

-65'C to 150'C 1 

1 TOPR 

Operating Temperature 

1 

-40'C to 85'C i 


4.2 DC CHARACTERISTICS 

TA=-40°C to 85°C, VCC=5V+10%, VSS=0V 


1 SYMBOL 

PAREMETER 

TEST CONDITIONS 

MIN. 


MAX. 

1 UNIT 1 

1 VILC 

Clock Input Low Voltage 


-0.3 

- 

0.6 

1 V 1 

1 VIHC 



VCC-0.6 

- 

VCC+0.3 

1 V 1 

1 VIL 

Input Low Voltage 
(except CLK) 


-0.5 

■ 


1 V 1 

1 VIH 

Input High Voltage 
(except CLK) 


2.2 

— 

VCC 

1 V 1 

1 VOL 

Output Low Voltage 

IOL=2.0mA 

- 

- 

0.4 

1 V 1 

1 VOHl 



2.4 

- 

- 

1 V 1 

1 V0H2 

Output High Voltage 2 

IOH=-250uA 

VCC-0.8 

- 

- 

1 V 1 

1 ILI 

Input Leakage Current 

Vss<VIN<Vcc 
■ ■ 

— 

— 

+ 10 

1 uA 1 

1 ILO 

3-state Output Leakage 
Current in Float 

Vss+0.4<Vout 

<VCC 



+ 10 

1 uA 1 

innnni^ 


Vcc=5V. Iap/AF 

- 

9 

15 


1 

1 ICCl 

Power Supply Current 

fCLK»(l) lAP-6 
VIH=VCC- l/AF-6 

— 

15 

22 

1 mA 1 


0.2V jAP-8 

VIL-0.2V 1 

— 

20 

25 


1 

1 ICC2 

1 (2) 

Stand-by Supply Current 

VCC=5V, aK=(2) 
VIL=VCC-0.2V ! 
VIH=0.2V 

[m 


10 

1 uA 1 


Note (1) fCLK = 1/TcC (MIN) 

(2) IcC2 Stand-by Supply Current is guaranteed only when the supplied 
clock is stopped at a low level during T4 state of the following 
machine Cycle (Ml) next to OP code fetch Cycle of HALT instruction. 
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integrated circuit 

TOSHIBA 

TECHNICAL DATA 

TMPZ84C00AP/AP-6/AP-8 

TMPZ84G00AF/AF-6 

4.3 AC CHARCTERISTICS 

TA=-40’C to 85'C, VCC = 5W+10% 

, Vss = OV, Unless otherwise noted. (1) 


PARAMETER 


I 4MHz 1 6MHz | 8MHz | 

I OOAP/AF |AP~6/AF-6| AP-8 [UNIT 

I MIN. I MAX. I MIN.I MAX.iMIN.|MAX.| 


DC 
































































TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C00AP/AP-6/AP‘8 

TMPZ84C00AF/AF-6 




r 

4NHz 1 

6MHz 1 

8MHz 1 


NO. 

SYMBOL 

PARAMETER 1 

OOAP/AF 1 

AP-6/AF-6i 

AP 

-8 1 

UNIT i 



IMIN.1 

MAX. 1 

MIN. 

MAX. 1 

min.T 

MAX. 1 


33 

TdD(WRf) 

Data Stable prior to WR 'I 1 

-lol 

- 1 

-55 

- 1 

-551 

- 1 

ns 1 

34 

TdCr(WRf) 

Clock i to WR '1 Delay 1 

- 1 

65 1 

- 

60 i 

- 1 

551 

ns 1 

35 

TdWRr(D) 

Data Stable from WR f 1 

601 

- 1 

~3ori 

- 1 

15| 

~ 1 

ns 1 

36 

TdCf 

(HALT) 

Clock 4^ to HALT f or I' 1 

- 1 

1 

3001 

1 


2601 

1 

- 1 

1 

2251 

1 

ns 1 

37 

TwNMI 

NMI Pulse Width 1 

80 1 

~ 1 

70 

- 1 

60T 

- 1 

ns 1 

38 

TsBUSREQ 

BUSREQ Setup Time to 1 

MB 

- 1 

50 

~ 1 

mm 

“ 1 

ns 1 


(Cr) 

Clock f i 

1 

1 


1 

1 

1 


*39 

ThBUSREQ 

BUSREQ Hold Time after 1 

lOl 

- 1 

10 

-- 1 

10| 

- 1 

ns 1 


(Cr) 

Clock f 1 

1 

1 


1 

1 

1 


40 

TdCr 

Clock f to BUSACK i Delay | 

- 1 

100 1 

- 

90 1 

- 1 

80 1 

ns 1 


(BUSACKf) 

Clock 1 

1 

1 


1 

1 

1 


41 

TdCf 

Clock 1 to B0SACK + Delay I 

- 1 

100 1 

- 

■n 

■R 

80 1 

ns 1 


(BUSACKr) 

Clock 1 

1 



nn 

■1 

1 


42 

TdCr(Dz) 

Clock f to Data Float Delay 1 

- 1 

90 1 

- 

80 1 

- 1 

70 1 

ns 1 

43 

TdCf(CTz) 

Clock f to Control Outputs | 
Float Delay (MREQ,RD,and 1 
WR) 1 

1 

1 

1 

80 1 

1 

- 

1 

701 

1 

1 

1 

1 

60 1 

1 

ns 1 

441 

TdCr(Az) 

Clock i to Data Float Delay 1 

- 1 

90 1 

- 

8 OT 

- 1 

701 

ns 1 

45 

TdCTr(A) 

MREQ + ,I0RQ + ,RD + , and 1 
WR + to Address Hold Time 1 

80 1 

1 

1 

35 

~ 1 

201 

1 

1 

ns 1 

46 

TsRESET 

RESET to Clock i Setup Timel 

1 

60 1 

- 1 

60 

- 1 

45 1 

- 1 

ns 1 


(Cr) 

1 

1 


1 

1 

1 


*47 

ThRESET i 

RESET to Clock + Hold Time 1 

lOi 

- 1 

10 

— 1 

10 1 

- 1 

ns 1 


(Cr) i 

1 

1 

1 


1 

1 

1 


48 

TsINTf 

INT to Clock i Setup Time | 

1 

80 i 

- 1 

70 

— 1 

55 1 

- 1 

ns 1 


(Cr) 

1 

1 


1 

1 

1 


*49 i 

ThINTr 1 

INT to Clock f Hold Time | 

10| 

- 1 

10 

- 1 

■En 

- 1 

ns 1 


(Cr) 

i 

1 

1 


1 

1 

1 


50 

TdMl£ 1 

(lORQf) 

Ml >1 to lORQ >1 Delay 1 

1 

5651 

1 

1 

365 

1 

2701 

1 

1 

ns 1 

51 

TdCf 

(lORQf) 

Clock 4 , to lORQ i Delay 1 

1 

1 

85 1 

1 


70 1 

1 

1 

60 1 

1 

ns 1 

52 

TdCf 

(lORQr) 

Clock f to lORQ i Delay 1 

1 

1 

851 

1 


■ 

1 

601 

1 

ns 1 

53 

TdCf(D) 

Clock i to Data Valid Delay 1 

- 1 

1501 

- 

■i&ll 

H 

115| 

ns 1 


NOTE 1) Timing Measurements are made at the following voltage. 

Input VIH=2.4V, VIL=0.4V, VIHC=VCC-0.6V, VILC=0.6V 

Output VOH=2.2V, VOL=0.8V 

a=100pF 

NOTE 2) The items attached * mark are not compatible with NMOS Z80 SPECS. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C00AP/AP-6/ANi 

TMPZ84C00AF/AF<6 


4.4 CAPACITANCE 


SYMBOL 

ITEM 

T 

TEST CONDITION 

T 

MIN. 1 

TYP. 1 

MAX.lUNIT 

CCLOCK 

Clock Input Capacitance 

T 

1 

f=lMHz 

All terminals 

T 

1 

"TT 

“:~r 

8 

CIN 

Input Capacitance 

1 

1 

except that to 
be measured be 

1 

1 

1 

6 PF 

GOUT j 

Output Capacitance 

■| 

1 

earthed. 

r 

1 

1 

- 

10 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C00AP/AP-6/AM 

TMPZ84C00AF/AF-6 


4.5 TIMING WAVEFORMS 


Ti T 2 Tw Tw T 3 T 4 



NOTE: TW~Wait cycle added when necessary for slow ancilliary devices. 


FIGURE 17. INSTRUCTION OPCODE FETCH 
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INTEGRATED CIRCUIT 

TMPZ84C00AP/AP-6/AP-8 

TOSHIBA 

TECHNICAL DATA 

TMPZ84C00AF/AF-6 


Tl T2 Tw Ta 



FIGURE 18. MEORY READ OR WRITE CYCLES 






integrated circuit 

TOSHIBA 

TMPZ84C00AP/AP-6/AP-8 

TECHNICAL DATA 

TMPZ84C00AF/AF-6 


Tg T3 



NOTE: TW = One Wait cycle automatically inserted by CPU. 

FIGURE 19. INPUT OR OUTPUT CYCLES 

Tl 'Tj Tw* Tw* % T 3 



NOTE: 1) TL*Last state of previous 2) Two Wait cycles automatically 

instruction. inserted by CPU(*) 

FIGURE 20. INTERRUPT REQUEST/ACKNOWLEDGE CYCLE 
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integrated circuit 

TOSHIBA 

TMPZ84C00AP/AP-6/AP-8 

TECHNICAL DATA 

TMPZ84C00AF/AF-6 



* Although NMl is an asychronous input, to guarantee its being recognized on 
the following machine cycle, NMI's falling edge must occur no later tha 
the rising edge of the clock cycle preceding TLAST. 

FIGURE 21. NON-MASKABLE INTERRUPT REQUEST OPRATION 


Tl Tx Tx Tx Ti 



NOTE: TL=Last state of nay M cycle. TX=An arbitrary clock cycle used by 

requesting device. 

FIGURE 22. BUS REQUEST/ACKNOWLEDGE CYCLE 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C00AP/A^6/AP-8 

TMPZ84C00AF/AF-S 



'“J \J VJ VJ VJ VJ vj\ 


llil t, 1 nstrucllon 
i<ecei vod 


NOTE; INT will also force a Halt * See note. Figure 19. 


FIGURE 23. HALT ACKNOWLEDGE CYCLE 


n n r\ 


Tl T 2 







3.2 MIN 


INTEGRATED CIRCUIT 

TMPZ84C00AP/AP-6/AP-8 

TOSHIBA 

TECHNICAL DATA 

TMPZ84CeOAF/AF-6 



Note 1. This dimension is measured at the center of bending point of 
leads. 

Note 2. Each lead pitch is 2.54mm, and all the leads are located within 
^0.25imii from their theoretical positions with respect to No.l 
and No.40 leads. 
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integrated circuit 


TOSHIBA 

TMPZ84C01F 

TECHNICAL DATA 


CMOS Z80 8-BIT MICROPROCESSOR 
1. General Description and Features 

The TMPZ84C01F if an 8-bit microprocessor (hereinafter referred to as MPU) 
with a built-in clock generator/controller, which provides low power 
operation and high performance. 

Built into the TMPZ84C01F are a control function and clock generator for 
the standby function in addition to paired 6 general purpose registers, 
accumulator, flag registers, an arithmetic-and-logic unit, bus control, 
memory control and timing control circuits. 

The TMPZ84C01F is fabricated using Toshiba's CMOS Silicon Gate Technology 
and molded in a 44-pin mini-flat package. 

The principal functions and features of the TMPZ84C01F are as follows. 

(1) Commands compatible with the Zilog Z80 MPU. 

(2) Low power consumption 

15mA Typ (5V, 4MHz under RUN mode) 

1mA Typ (5V, 4MHz under IDLEl mode) 

3mA Typ (5V, 4MHz under IDLE2 mode) 

0.5uA Typ (5V under STOP mode) 

(3) DC to 4MHz operation (at 5V±10%) 

(4) Single 5V power supply (at^5V±10%) ^ 

(5) Operating temperature (-40*C to 85*C) 

(6) On-chip clock generator 

(7) In the HALT state, the following 4 modes are selectable: 
o RUN mode 

o IDLE 1 mode 
o IDLE 2 mode 
o STOP mode 

In the following explanation for the same content, IDLEl Mode and IDLE2 
Mode are referred to as IDLEl/2. 

(8) Powerful set of 158 instructions available 

(9) Powerful interrupt function _ 

(a) Non-maskable interrupt termi nal (NMI) 

(b) Maskable interrupt terminal (INT) 

The following 3 modes are selectable: 

o 8080 compatible interrupt mode (interrupt by Non-Z80 family peri¬ 
pheral LSI) (Mode 0) 
o Restart interrupt (Mode 1) 

o Daisy chain structure interrupt using Z-80 family peripheral LSI 
(Mode 2) 

(10) An auxiliary register provided to each of general purpose registers. 

(11) Two index registers 

(12) 10 addressing modes 

(13) Built-in refresh circuit for dynamic memory. 

(14) Molded in 44-pin mini flat package 

Further, in the following text and explanations for charts and tables, 
hexadecimal numbers are directly used without giving an identification to 
explanation of address, etc. to the extent not to cause confusions. 


(Note) Z80(R) is a registered trademark of Zilog Inc., U.S.A. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMPZ84C01F 


2. Pin Connections and Pin Functions 

The pin connections and I/O pin names and brief functions of the 
TMPZSACOiF are shown below. 

2.1 Pin connections 

The pin connections of the TMPZ84C01F are as shown in Fig. 2.1. 


J J CC H < 

< < CO I-I CO 

H =■ < =3 

- ■ • “3 3r C 




(Note) Connect Pin 39 and Pin 17 externally. 


Fig. 2.1 Pin Connections (Top View) 


2.2 


Pin names and functions 

I/O pin names and functions are as shown in Table 2.1. 

Table 2.1 Pin Names and Functions 


Pin Name |Number 1 
|of Pin] 

Input/Output! 
3“State 1 

Function 



Output 1 

3-state 1 

16-bit address bus. 

Specify addresses of memories and I/O to be 
accessed. During the refresh period, ad¬ 

dresses for refreshing are output. 

MSI, MS2 1 

1 

1 

1 

2 1 

1 

1 

1 

Input 1 

Mode selection input. 

One of 4 modes (RUN, IDLEl/2, STOP) is 
selected according to the state of these 2 
pins 

DO - D7 1 

1 

8 1 

1 

I/O 1 

3-state 1 

8-bit bidirectional data bus. 

1 

1 


Maskable interrupt request signal. 

INT 1 

1 

1 

1 

1 

1 

1 1 

1 

1 

1 

1 

1 

Input 1 

Interrupt is generated by peripheral LSI. 
This signal is accepted if the interrupt 
enable flip-flop (IFF) is set at **1*'. 

INT is normally used on Wired-OR. In this 
case, a pull-up resistor is externally 
connected. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMPZ84C01F 



pin Name 

1 Number|Input/Output 1 

Func tion 





Pin 

1 

3-State 





r 


T 


Non-maskable interrupt request signal. 



NMI 

1 

1 

1 

Input 

This interrupt request has the higher 




1 


1 


priority than the maskable interrupt re- 




1 


1 


quest and does not rely upon the state of 




1 




the interrupt enable flip-flop (IFF). 




1 


1 


Halt signal. 



HALT 

1 

1 

1 

Output 

MPU execute HALT instruction and when the 




i 


1 


halt state is resulted, ”0" is output. 




1 


1 

Output 

Memory request signal. 



MREQ 

1 

1 

1 

3-state 

When an effective address for memory access 




1 


1 


is on the address bus, "0" is output. 




1 


1 

Output 

I/O request signal. 



lORQ 

1 

1 

1 

3-state 

When addresses for I/O are on the lower 




1 


1 


8 bits (AO - A7) of the address bus in the 




1 


1 


I/O operation, ”0" is output. In addition. 




1 


1 


lORQ signal is output together with Ml 




1 


1 


signal at time of interrupt acknowledge 




1 


1 


cycle to inform peripheral LSI of the state 




1 


1 


that the interrupt response vector may be 




1 


1 


put on the data bus. 




1 


1 

Output 

Read signal 



RD 

1 

1 

! 

3-state 

"0” signal is output for a period when MPU 




1 


1 


can receive data from a memory or peripheral 




1 


1 


LSI. It is possible to put data from a 




i 


1 


specified peripheral LSI or mamory on the 




1 


! 


MPU data bus after gating by this signal. 




i 


1 

Output 

Write signal. 



WR 

! 

1 

1 

3-state 

This signal is output when data to be 




! 


1 


stored in a specified memory or peripheral 




1 


1 


LSI is on the MPU data bus. 




i 


1 


Bus acknowledge signal. 



BUSACK 

1 

1 

1 

Output 

In response to BUSREQ signal, this signal 




1 


1 


informs a peripheral LSI of the fact that 




1 


i 


i the address bus, data bus, MREQ, lORQ, RD 




1 


1 


and WR signals have been placed in the high 




1 


1 


impedance state. 






1 


Wait signal. 


1 

1 

WAIT 

1 

1 

1 

Input 

WAIT signal is a signal to inform MPU of 




1 


1 


specified memory or peripheral LSI which 




1 


1 


is not ready for data transfer. As long 




1 


1 


! as WAIT signal as at "0" level, MPU is 




1 


1 


continuously kept in the wait state. 




i 


1 


Bus request signal. 



BUSREQ 

1 

1 

1 

I npu t 

BUSREQ signal is a signal requesting place- 




1 


1 


1 ment of the address bus, data bus, MREQ, 




1 


1 

j 

1 lORQ, RD and WR signals in the high imped- 




1 


1 


1 ance state. BUSREQ signal is normally 




1 


1 


1 used on wired-OR. In this case, a pull-up 




1 


1 


1 resistor is externally connected. 
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TECHNICAL DATA 

TmPZ84C01F 



P in Name | 

NumberlInput/Output 1 
of Pin! 3-state | 

Function 






Reset signal. 



RESET 1 

1 

Input 1 

RESET signal is used for initialization 

MPU and must be kept in active state ("0") 
for a period of at least 3 clocks. 



mT 1 

1 

Output 1 

1 

Signal showing machine cycle 1. 

”0" is output together with MREQ signal in 
the operation code fetch sycle. 

This signal is output for every opcode 
fetch when 2 byte opcode is executed. 

In the maskable interrupt acknowledge cycle, 
this signal is output together with lORQ 
signal. 



XTAL 1 1 

(XIN) 1 

XTAL 2 1 

(XOUT) 1 

2 

1 

Input 1 

Output 1 

Crystal oscillator connecting terminal 



aK i 

1 

Output 1 

! j 

Single-phase clock output. 

When the HALT instruction in STOP Mode is 
executed, MPU stops its operation and holds 
clock output at "0" level. 



VCC (1), 1 
(2) 1 

2 

Power supply 1 

+5V 

Connect 39 pin and 17 pin externally. 



vss 1 

1 

Power supply 1 
1 

ov 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMPZ84C01F 


3.2 System configuration 

The TMPZ84C01F has a built-in system clock generator for CMOS 280 in 
addition to the standard functions of the TMPZ84C00P CMOS Z80 MPU. 

The explanation is provided here with emphasis placed on the halt 
function relative to the clock generator, which is an additional 
function. The internal register group, reset and interrupt function are 
identical to those of the TMP84C00P. For details please refer to the 
data sheet for the TMPZ84C00P. 

In this section, the following principal compoments and functions will be 
described. 

(1) Generation of clock 

(2) Operation mode 

(3) Warming-up time at time of restart 
3.2.1 Generating the system clock 

The TMP284C01F has a built-in oscillation circuit and required clock can 
be easily generated by connecting an oscillator to the external terminals 
(XTALl, XTAL2). Clock in the same frequency as input oscillation 
frequency is generated. 

Examples of oscillator connection are shown in Fig. 3.2. 


XTALl □ nXTAL8 




Cqut 


^ IN 

C OUT 

2 2 pF 

33 pF 


Fig. 3.2 Examples of Oscillator Connection and Constant 
3.2.2 Operation modes 

There are 4 kinds of operations modes available for the TMP248C01F in 
connection with generation of clock; RUN Mode, IDLEl/2 Modes and STOP 
Mode. One of these modes is selected by the mode select inputs (MSI, 
MS2), 

The operation mode is effective when the halt instruction is executed and 
when the halt instruction is not executed, clock is supplied 
continuously. Restart of MPU from the stopped state under IDLEl/2 Mode 
or STOP Mod e is ef fected by inputting either RESET signal or interrupt 
signal (INT or NMI). 
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TMPZ84C01F 


Operations of these modes in the halt state are shown in Table 3.1» 
Table 3.1 Clock Generating Operation Modes 


[ Operation Model MSI | MS2 I Description at HALT State "~ | 

I RUN Mode I 1 I 1 i MPU continues the operation and supplies | 

1_ 1_1_ I clock to the outside continuously. _ 

I IDLEl Mode H 0 | 0 | The internal oscillator's operation only 

1 I j I is continued and clock (CLK) output as 

1 III well as internal operation are stopped at 

I III ”0” level of T4 state in the halt instruc- 

I_ I _ I I tion operation code fetch cycle. _ 

I IDLE2 Mode ^ D i T j The internal oscillator's operation and 

I III clock (CLK) output are continued but the 

! Ill internal operation are stopped at ”0" 

1 I ! ! level of T4 state in the halt instruction 

i _ I __ I operation code fetch cycle. __ 

I STOP Mode I 1 I 0 I All operations of the internal oscillator, 

I III clock (CLK) output, and internal operation 

I III are stopped at ”0*’ level of T4 state in 

I III the halt instruction operation code fetch 

I I I _ I cycle. ____ 


3.2.3 Warming-up time at time of restart (STOP Mode) 

When MPU is released from the halt state by accpeting an interrupt 
request, MPU, then, will execute an interrupt service routine. 

Therefore, when an interruption request is accepted, MPU starts 
generation of internal system clock and clock output after a warming-up 
time by the internal counter (2**14+2.5) TcC (TcC: Clock Cycle) to obtain 
a stabilized oscillation for MPU opera tion. 

Further, in case of the restart by RESET signal, the internal counter 
does not operate for a quick operation at time of power ON. 

3.3 Status change flowchart and basic timing 

In this section, the status change and basic timing when the TMPZ84C01F 
is operating are explained. 

3.3.1 Status change flowchart 
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Fig. 3.3 (a) Status Change Flowchart 
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Fig. 3.3 (b) Status Change Flowchart 
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3.3.2 Basic timing 

The basic timing is explained here with emphasis; placed on the halt 
function relative to the clock generator. Except signal output, the 

following items are idnetical to those for the TMP284C00P. Refer to the 
data sheet for the TMPZ84C00P. 
o Operation code fetch cycle 
o Memory read/write operation 
o Input/output operation 
o Bus request/acknowledge operation 
o Maskable interrupt request accepting operation 
o Non-maskable interrupt request accepting operation 
o Reset operation 

Note that the TMPZ84C01F does not have the refresh terminal (RFSM) but 
refresh address is output on the address bus in the operation code fetch 
cycle (Ml) as in the TMPZ84C00P since the on-chip refresh control circuit 
is available. 

(1) Operation when HALT instruction is execution 

When MPU fetches a halt instruction in the operation code fetch cycle, 
halt signal goes active (low level) in synchronous with falling edge of 
T4 state for the peripheral LSI and MPU stops the operation. The system 
clock generating operation after this differs depending upon the 
operation mode (RUN Mode, IDLEl/2 Mode or STOP Mode). If the internal 
system clock is running, MPU continues to execute NOP instruction even in 
the halt state. 

(a) RUN Mode (MS1=1, MS2=1) 

Shown in Fig. 3.4 is the basic timing when the halt instruction is 
executed in RUM Mode. 


In RUN Mode, system clock (^) in MPU and clock output (CLK) to the 
outside of MPU are not stopped even after the halt instruction is 
executed. Therefore ,unti 1 th !ialt stae is released by the interrupt 
signal (HM OR INT) or RE" f signal, MPU continues to execute NOP 
instruction. 



HALT OP CODE 
FETCH CYCLE 


NOP EXECUTION 


NOP EXECUTION 


Fig. 3.4 Timing of RUN Mode (at Halt Command Execution) 
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(b) IDLEl Mode (MS1=0, MS2=0) 

Shown in Fig. 3.5 is the basic timing when the halt instruction is 
executed in IDLEl Mode. 

In IDLEl Mode, system clock (6) in MPU and clock output (CLK) to the 
outside, of MPU are stopped and MPU stops its operation after the halt 
instruction is exeduted. 

However, the internal oscillator continues to operate. 


CLK 


T4 


0(INTERNAL 

SYSTEM CLOCK) 



MPU OPERATION STOP 


HALT 



-ff- 


-ff- 


_ "1 

Ml- 

HALT COMMAND OPERATION 
CODE FETCH CYCLE _ 


Fig. 3.5 IDLEl Mode Timing (at Halt Instruction Execution) 

(c) IDLE2 Mode (MS1=0, MS2=1) 

Shown in Fig. 3.6 is the basic timing when the halt instruction is 
executed in IDLE2 Mode. 

In IDLE2 Mode, system clock (^) in MPU is stopped and MPU stops its 
operation after the halt instruction is executed. 

However, the internal oscillator and clock output (CLK) to the outside 
of MPU continues to operate. 


T4 

- __rn_rn_j~Lj~i_, 


^(INTERNAL 

SYSTEM CLOCK) 


MPU OPERATION STOP 




HALT 


-if- 


" 1 ” 

Ml 


HALT INSTRUCTION OPERATION 
CODE FETCH CYCLE “ 


Fig. 3.6 IDLE2 Mode Timing (at Halt Instruction Execution) 
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(d) STOP Mode (MS1=1, MS2=0) 

Shown in Fig. 3.7 is the basic timing when the halt instruction is 
executed in STOP Mode. 

In STOP Mode, internal operation and internal oscillator are stopped 
after the halt instruction is executed. Therefore, system clock (d) in 
MPU and clock output (CLK) to the outside of MPU are stopped. 


CLK 

0(INTERNAL 

SYSTEM CLOCK) 

HALT 

Ml 


T1 T2 T3 T4 


rT_r~L 

_r“Lj 

j—Lj—L 

_J~LJ 


CLK OUTPUT STOP 


MPU OPERATION STOP 


HALT INSTRUCTION OPERATION 
COLE FETCH CYCLE 


Fig. 3.7 STOP Mode Timing (at Halt Instruction Execution) 

(2) Release from halt state _ 

The halt state of MPU is released when ”0” is input to RESET signal and 
MPU is reset or an interrupt request is accepted. An interrupt request 
signal is sampled at the leading edge of the last clock cycle (T4 state) 
of NOP instruction. In case of the maskable interrupt, interrupt will be 

accepted by an active fNT signal level). In case of the 

non-maskable interrupt, if the internal NMI F/F which is set at the 

leading edge of MI signal is set to ’‘1”, the interrupt is accepted. 

However, in case of the maskable interrupt, the interrupt enable 

flip-flop must have been set to "1". The accepted interrupt process is 
started from next cycle. 

Further, when the internal system clock is stopped (IDLEl/2 Mode, STOP 
Mode), it is necessary first to restart the internal system clock . The 
internal system clock is restarted when RESET or interrupt signal (MI or 
IFTT) is input. 

(a) RUM Mode (MSI, MS2=1) 

The halt release operation by acceptance of interrupt request in RUN 
Mode is shown in Fig. 3.8. 

In RUN Mode the internal system clock is not stopped and therefore, if 
the interruption signal is recognized at the rise of T4 state of the 
continued NOP instruction, MPU will executes the interrupt process from 
next cycle. 
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The halt release operation by resetting MPU in RUN Mode is shown in 
Fig. 3.9. After reset, MPU will execute an instruction starting from 
address OOOOH. However, in order to reset MPU it is necessary to keep 
RESET signal at "0" for at least 3 clocks. In addtion, if RESET signal 
becomes "1", after the dummy cycle for at least 2T states, MPU executes 
an instruction from address OOOOH. 


HALT INSTRUCTION 

EXECUTION NOP INSTRUCTION EXECUTION INTERRUPT PROCESS 


T4 T1 T2 T1 T2 T3 T4 T1 T2 



Fig. 3.8 Halt Release Operation Timing by 

Interrupt Request Signal in RUN Mode 


HALT INSTRUCTION 
EXECUTION I 


EXECUTE INSTRUCTION 
ADDRESS OOOOH 


T1 T2 


CLK 


Tjnj^jnjTJi^ruT-JT-rLr 


0( INTERNAL ___ , , , 

SYSTEM CLOCK) 


HALT 








RESET” 




-CJ 


Fig. 3.9 Halt Release Operation Timing by 
Reset in RUN Mode 


(b) IDLEl Mode (MSl^O, MS2*0), IDLE2 Mode (MS1=0, MS2=1) 
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The halt release operation by interrupt signal in IDLEl Mode is shown 
in Fig. 3.10 (a) and in IDLE 2 Mode in Fig. 3.10 (b). 

When receiving NMI or tNT signal, MPU starts the internal system clock 
operation. In IDLEl Mode, MPU starts clock output to the outside at 
the same time. The operation stop of MPU in IDLE 1/2 Mode is taken 
place at "0" level during T4 state in the halt instruction operation 
code fetch cycle. Therefore, after restarted by the interruption 
signal, MPU executes one NOP instruction and samples an interrupt 
signal at the rise of T4 state during the execution of this NOP 
instruction, and executes the interrupt process from nect cycle. 


NOP INSTRUCTION EXECUTION 



INTERRUPT SAMPLING TIMING 
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If no interrupt signal is accepted during the execution of the first 
NOP instruction after the internal system clock is restarted, MPU is 
not released from the halt state and is placed in lDLEl/2 Mode again at 
"0" level during T4 st ate of the NOP instruction, stopping the internal 
system clock. If INT signal is not at "0" level at the rise of T4 
state, no interrupt request is accepted. 

The halt release operation by resetting MPU in IDLEl Mode is shovm in 
Fig. 3.11 (a) and that in IDLE2 Mode in Fig. 3.11 (b). 

When RESET signal at "0" level is input into MPU, the internal system 
clock is restarted and MPU will execute an instruction stored in 
address OOOOH. 

At time of RESET signal input, it is necessary to take the same care as 
that in resetting MPU in RUN Mode. 


EXECUTE INSTRUCTION FROM 
ADDRESS OOOOH 


T1 T2 T3 



Fig. 3.11 (a) IDLEl Mode 


EXECUTE INSTRUCTION FROM 
ADDRESS OOOOH 


CLK 

0 (INTERNAL 
SYSTEM CLOCK) 

HALT 

Ml 

RESET 


T1 T2 T3 


j^lJTjnjajiJT_rLrLrL 
.JUUUTTL 



XJ 


Fig. 3.11 (b) IDLE2 Mode 

Fig. 3.11 Halt Release Operation Timing by 
Reset in IDLEl/2 Mode 
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(c) STOP Mode MS2=0) 

The halt release operation by interrupt signal in STOP mode is shown in 
Fig. 3.12. 

When MPU received an interrupt signal, the internal oscillator is 
restarted. In order to obtain stabillized oscillation, the internal 
system clock and clock output to the outside are started after a 
warming-up time of (2**14+2.5) TcC (TcC: Clock Cycle) by the internal 
counter passed. 

MPU executes one NOP instruction after the internal system clock is 
restarted and at the same time, sampling an interrupt signal at the 
rise of T4 state during the execution of this NOP instruction. If the 
interrupt signal is accepted, MPU executes the interrupt process 
operation from next cycle. 

At time of interrupt signal input, it is necessary to take the same 
care as that in the interrupt signal input in IDLEl/2 Mode. The halt 
release operation by MPU resetting in STOP Mode is shown in Fig. 3.13. 

When RESET signal at ”0" level is input into MPU, the internal 
oscillator is restarted. However, since it performs a quick operation 
at time of power ON, the internal counter does not operate. Therefore, 
the operation may not be carried out properly due to unstable clock 
immediately after the internal oscillator is restarted. To restart the 
clock by RESET signal in STOP Mode, it is necessary to hold RESET 
signal at "0" level for sufficient time. When RESET signal becomes 
"1", after the dummy cycle for at least 2T states, MPU starts to 
execute an execution from address OOOOH. 


NOP COMMAND EXECUTION 



I 

INTERRUPT SAMPLING TIMING 


Fig, 3.12 Halt Release Operation Timing by 

Interrupt Request Signal in STOP Mode 
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EXECUTE INSTRUCTION FROM 
ADDRESS OOOOH 


CLK 

_r~L_,_ 

T1 T2 T3 

, n n„n n n n n 

0 (INTERNAL 
SYSTEM CLOCK) 


„ n n,.n n n n n 


_, 1/ 


"halt 

Ua.... 

1 ' 

- ff -1 


i 

_i 

■- ff - 

RESET 

lL 

—H - 0 


Fig. 3.13 Halt Release Operation Timing by 
Reset in STOP Mode 


3.4 Instruction set 

Instruction set of the TMPZ84C01F are the same as those for the 
TMPZ84C00P. For details refer to the data sheet for the TMPZ84C00P. 


3.5 


Method of use 

A connecting example of the TMPZ84C01F with 
peripheral LSI's is shown in Fig. 3.4. For 
precautions for connection, refer to Section 3.5 
data sheet for the TMPZ8400P. 


the TLCS-Z80 family 
the explanation and 
Method of use of the 
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WR 
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—r 

Aol 

cso 



DO—D7 

CLK 
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RD 


INT 
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S3 

CLK 
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lORQ 
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D0-D7 
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Fig. 3.14 Example Connection with Z80 family peripheral LSI 
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4. Electrical Characteristics 
4,1 Absolute Maximum Ratings 



Symbol 1 

I tern 1 

Rating 

r Unit 


VCC 1 

Supply Voltage I 

-0.5 to +7 

1 V 


VIN 1 

Input Voltage | 

-0.5 to Vcc + 0.5 

1 V 


PD 1 

Power Dissipation (TA=85’C) j 

250 

1 mW 


TSOLDER 1 

Soldering Temperature (10 sec) I 

260 

1 *c 


TSTG 1 

Storage Temperature 1 

-55 to 125 

1 'c 


TOPR 1 

Operating Temperature I 

-40 to 85 

! 'c 


4.2 DC Electrical Characteristics 
DC Characteristics (l) 

TA = -40‘C to 80’C, VCC = 5V ± 10%, VSS = OV 



SYMBOL 

1 ITEM 

1 

TEST CONDITION 

MIN. 

TYP. 1 

MAX. 

lUNIT 



VOLC 

1 Low Level Clock 

1 Output Voltage 

T 

1 

lOL = 2.0mA 


1 

0.4 

1 V 



VOHC 

1 High Level Clock 

1 Output Voltage 

T 

1 

lOH =-2.0inA 

VCC-0.6 

1 

— 

1 V 



VIL 

! Input Low Voltage 

1 


-0.5 

- 1 

0.8 

1 V 



VIH 

! Input High Voltage 

1 


2.2 

- 1 

VCC 

1 V 



VIHR 

1 Input High Voltage 

1 (RESET) 

T 

1 


VCC-0.6 

1 

VCC 

1 V 



VILR 

1 Input Low Voltage 

1 (RESET) 

T 

1 



1 

0.45 

i V 



VOL 

1 Output Low Voltage 

1 (Except Clock) 

1 

1 

lOL = 2.0mA 

- 

1 

0.4 

i V 



VOHl 

i Output High Voltage 

1 (l) (Except Clock) 

1 

1 

lOH = ~1.6mA 

2.4 

1 

— 

1 V 



VOH2 

1 Output High Voltage 

1 (ll)(Except Clock) 

T 

1 

lOH = -250uA 

VCC-0.8 

1 

— 

1 V 



ILI 

1 Input Leak Current 

T 

1 

VSS< VIN< VCC 

— 

1 

±10 

1 pA 



ILO 

1 3 State Output 

1 Current in Floating 

T 

1 

VSS + 0.4< 

VOUTi VCC 

— 

1 

±10 

1 pA 



ICCl 

1 Supply Current 

1 (@ RUN Mode) 

T 

1 

1 

1 

VCC=5V,CLK=4MHz 

VIHC=VIH=VCC- 

0.2V,VILC=VIL 

=0.2V 

- 

1 

15 1 

1 

1 

20 

1 mA 



(Note) 

ICC2 

1 Supply Current 

1 (@ STOP Mode) 

T 

1 

1 

1 

VCC=5V,CLK=Note 

VIHC=VIH=VCC- 

0.2V,VILC=VIL 

=0.2V 

- 

1 

0.51 

1 

1 

10 

1 pA 



ICC3 

1 Supply Current 

1 (@ IDLEl Mode) 

T 

1 

1 

1 

VCC=5V,CLK=4MHz 
VIHC=VIH=VCC- 
0.2V,VILC=VIL 
=0.2V 

- 

1 

l.Ol 

1 

1 

2.0 

1 mA 
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1 SYMBOL 

1 ITEM 

1 TEST CONDITION 1 

MIN, 

ITYP.1 

MAX. 

lUNITl 

1 1CC4 

1 

1 

1 

1 Supply Current 

1 (d IDLE2 Mode) 

1 

1 

1 VCC=5V,CLK=4MHzl 

1 VIHC=VIH=VCC- 1 

1 0.2V,VILC=VIL 1 

1 =0.2V 1 

- 

1 1 

1 3.01 

1 1 

1 1 

6.0 

1—1 

1 mA 1 

1 1 

1 1 

(Note) At T4 "LOW" state of 

the halt instruction 

fetch 

eyele. 




4.3 AC Electrical Charactreistics 


TA = -40*C to 85*C, VCC = 5V ± 10%, VSS = OV (*): TEST CONDITION 


1 NO. 

SYMBOL 

1 ITEM 


1 

iMIN.ITYP. 

MAX. 

UNIT 


1 1 

TeC 

1 Clock frequency 


1 

1 

2501 

- 

DC 

ns 


1 2 

TwCh 

1 High clock pulse width 


1 

1 

1101 

- 

DC 

ns 


1 3 

TwCl 

1 Low clock pulse width 


1 

1 

iiol 

- 

DC 

ns 


1 4 

TfC 

1 Clock falling time 


1 

1 

- 1 

- 

30 

ns 


! 5 

TrC 

1 Clock rising time 


1 

1 

- 1 

- 

30 

ns 


1 

6 

TdCr(A) 

1 Effective address output 

1 

1 

- 1 

- 

im 

ns 


1 



1 delay from clock rise 


1 

1 

1 





1 

7 

TdA(MREQf) 

1 Address output definite 

1 


651 

- 

- 

ns 


1 



1 time prior to MREQ 



1 

1 





I 8 

1 

TdCf(MREQf) 

1 Delay from clock fall 

1 MREQ="L" 

to 

1 

1 

1 

1 

1 

- 

85 

ns 


1 9 

1 

TdCf(MREQr) 

1 Delay from clock rise 

1 MREQ="H" 

to 

1 

1 

1 

1 


00 

ns 


1 

1 

10 

TwMREQh 

1 _ 

1 MREQ high level pulse 


1 

1 

1 

1 

1 

liol 

_ 

- 

ns 


1 



1 width 


1 

1 

1 





1 

1 11 

1 

TwMREQI 

1 

1 MREQ low level pulse 

1 width 


1 

|CL= 

1 

1 

1 

1 

i 

■ 

■ 



1 

12 

1 TdCf(MREQr) 

1 Delay from clock fall 

to 

1lOOpFl 

- 1 

- 

85 

ns 


1 



1 MREQ="H" 


1 

1 

1 





1 13 

1 

TdCf(RDf) 

1 Delay from clock fall 

1 RD="L" 

to 

1 

1 

1 

1 

1 


95 

ns 


1 14 

1 TdCr(RDr) 

1 ^lay from clock rise 

1 RD="H" 

to 

1 

1 

1 

1 

_ 

85 

ns 


1 15 

1 

TsD(Cr) 

1 Data set-up time for 

1 clock rise 


1 

1 

351 

1 



ns 


1 16 

1 

ThD(RDr) 

1 £ata hold time for 

1 RD rise 


i 

1 

1 

1 

0| 

1 

- 

“ 

ns 


1 

1 

17 

TsWAIT(Cf) 

1 

1 WAIT signal set-up time 

1 

1 

1 

70 1 

- 

__ 

ns 


1 



1 for clock fall 


1 

1 

1 





1 

18 

ThWAIT(Cf) 

1 

1 WAIT hold time after 


1 

1 

1 

1 

1 

10 1 


_ 

ns 


1 

* 


1 clock fall 



1 

1 





1 19 

1 

TdCr(Mlf) 

1 Delay from clock rise 

1 M1*"L" 

to 

1 

1 

1 

1 


100 

ns 


1 20 

1 

TdCr(Mlr) 

1 Delay from clock rise 

1 M1*"H" 

to 

1 

1 

i 

1 

1 

— 

100 

ns 
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NO. 

i SYMBOL 

1 ITEM 

1 

(*) 

IMIN.ITYP.IMAX. 

lUNIT 



21 

1 TdGf(RDr) 

1 Delay from clock fall to 

1 RD="H" 

1 

1 


T 

1 

1 


85 

1 

1 

ns 



22 

i TdCr(RDf) 

1 Delay from clock rise to 

1 RD="L" 

1 

1 


1 

1 

1 

“ 1 

85 

1 

1 

ns 



23 

1 TsD(Cf) 

1 Data set-up time for 

1 clock fall (at time of 

1 M2, M3, M4, M5 cycle) 

1 

1 

1 


1 

1 

1 

501 

1 

1 



1 

1 

1 

ns 



24 

1 TdA(IORQf) 

1 Address definite time 

1 prior to lORQ fall 

1 

1 


1 

1801 

1 

- 1 

- 

T 

1 

ns 



25 

1 TdCr(lORQf) 

1 Delay from clock rise to 

1 I0RQ="L" 

1 

1 


1 

1 

1 

- 1 

75 

1 

1 

ns 



26 

1 TdCf(lORQr) 

1 Delay from clock fall to 

1 IORQ="H" 

1 

1 


1 

1 

1 

” I 

85 

1 

1 

ns 



27 

1 TdD(WRf) 

1 Data definit time prior 

1 to WR fall 

1 


1 

1 

801 

1 

- I 


T 

1 

ns 



28 

1 TdCf(WRf) 

1 Delay from clock fall to 

1 WR="L" 

1 

1 


1 

1 

1 

■" 1 

80 

1 

1 

ns 



29 

1 TwWR 

1 _ 

1 WR pulse width 

1 


1 

1 

1 

2201 

_ 1 

_ 

1 

1 

ns 



30 

1 TdCf(WRr) 

1 Delay from clock fall to 

1 WR=’'H'’ 

1 

1 


1 

1 

1 

1 

80 

1 

1 

ns 



31 

1 TdD(WRf) 

1 Data definite time prior 

I to WR fall 

1 

1 


1 

1 

-lOl 

1 

” 1 

- 

T 

1 

ns 



32 

1 TdCr(WRf) 

1 Delay from clock rise to 

1 WR=”L'‘ 

1 

1 

CL= 

1 

1 

1 

— 1 

65 

T 

1 

ns 



33 

1 TdWRr(D) 

1 Output data holding 

1 after WR=”H" 

p.00pF 

1 

i 

1 

601 

1 

•" 1 


T 

1 

ns 



34 

1 TdCf(HALT) 

1 Delay from clock fall to 

1 HALT=”L” or "H" 

1 

1 


r 

1 

1 

“ I 

300 

1 

1 

ns 



35 

1 TwNMI 

1_ 

1 NMI pulse width 

1 

1 


r 

1 

1 

801 

_ j 


T 

1 

ns 



36 

1 TsBUSREQ(Cr) 

1 Set-up time for clock 

1 rise 

1 


r 

1 

501 

1 

"" 1 

“ 

T 

1 

ns 



37 

* 

1 ThBUSREQ(Cr) 

1 

1 BUSREQ hold time after 

1 clock rise 

1 

1 

1 


r 

1 

1 

1 

101 

1 

- 1 

- 

1 

1 

1 

ns 



38 

1 TdCr(BUSACKf) 

1 Time from clock rise to 

1 BUSACK=’'L” 

1 


r 

1. 

1 

1 

100 

T 

1 

ns 



39 

1 TdCf(BUSACKr) 

1 Time from clock fall to 

1 BUSACK=’'H'’ 

1 


1 

1 

"" 1 

100 

T 

1 

ns 



40 

1 TdCr(Dz) 

1 Delay from clock rise to 

1 data bus float state 

1 

1 


r 

1 . 

1 

1 

90 

1 

1 

ns 



41 

1 TdCr(CTz) 

1 Delay from clock rise to 

1 control output float 

1 state 

1 (MREQ, lORQ, RD, WR) 

i 

1 

1 


1 

1 

1 

1 

1 

1 


80 

T 

1 

1 

1 

ns 



42 

1 TdCr(Az) 

1 Delay from clock rise to 

1 address bus float state 

1 


r 

1 . 

1 

” 1 

90 

1 

1 

ns 



43 

1 TdCr(A) 

1 

1 Address holding time fromi 

1 MREQ, lORQ, RD or WR j 


1 

801 

1 

** 1 


T 

1 

ns 
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NO. 

1 SYMBOL 

1 ITEM 1 (* 

)• IMIN. 

ITYP.IMAX.]UNIT 

44 

1 TsRESET(Cr) 

1 1 

1 RESET set-up time for 1 

1 clock rise 1 

1 

1 60 
1 

1 - 1 

1 

1 

ns 

45 

* 

1 ThRESET(Cr) 

1 1 

1 RESET hold time from 1 

1 clock rise I 

1 

1 10 
1 

1 - 1 

1 

1 

ns 

46 

1 TsINTf(Cr)) 

1_ _ 1 

1 INT set-up time for clock] 

1 rise 1 

1 

1 80 
1 

1 “ 1 

1 

1 

ns 

47 

* 

1 TslNTr(Cr) 

1_ 1 

I INT hold time after clock] 

1 rise 1CL= 

1 

1 10 
1 

1 - 1 

1 

1 

ns 

48 

1 TdMlF(IORQf) 

] Ml output ("L”) definite ] 1 565 

1 time prior to lORQ fall ]l00pF] 

1 ■" 1 

1 

ns 

49 

1 TdCf(lORQf) 

1 Delay from clock fall to ] 

] I0RQ-"L" ] 

1 

1 - 1 

85 1 

1 

ns 

50 

1 TdCr(IORQr) 

1 Delay from clock rise to ] 

] IOR0="H" ] 

1 

1 " 1 

85 1 

1 

ns 

51 

1 TdCf(D) 

] Delay from clock fall to ] 

] data output ] 

1 

1 ”1 

150 1 

1 

ns 

52 

1 TRSTIS 

1 1 

1 Clock (CLK) restart time I 

1 by INT (STOP mode) 1 

1 1 

1 

1 

1 

](2**1 
114+ 1 
12.5)1 

1xTcC] 

1 

1 

1 

ns 

53 

1 TRST2S 

1 1 

1 Clock (CLK) restart time I 

1 by NMl (STOP mode) j 

1 1 

1 

1 

1 

1 (2**1 
114+ 1 
12.5)1 
IxTcCl 

1 

1 

1 

ns 

54 

1 TRSTII 

1 1 

] Clock (CLK) restart time ] 

1 by INT (IDLE 1/2 mode) ] 

1 1 

1 

1 

1 2.5] 
iTcC 1 

1 

1 

1 

ns 

55 

1 TRST2I 

1 1 

1 Clock (CLK) restart time I 

1 by NMI (IDLEl/2 mode) 1 

1 1 

1 

1 

1 

1 2.51 
iTcC 1 

1 

1 

1 

ns 


Note 1. Test conditions 

VIH = 2.4V, VIL = 0.4V, VIHC = VCC “ 0.6V, VILC - 0.6V 
VOH * 2.2V, VOL = 0.8V 

Note 2. Items with an asterisk (*) are non-compatible with NMOS Z80. 

4.4 Capacitance 

The capacity of TMPZ84C01F is alike with that of the TMPZ84C00P. For 
details refer to the relative part of the TMPPZ84C00P. 

4.5 Timing diagram 

Figs. 4.1 to 4.10 show the basic timings of respective operations. 
Numbers shown in the figures correspond with those in the AC Electrical 
Characteristics Table in 4.3. 
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Fig. 4.1 Operation Code Fetch Cycle 
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(Note) INT signal is also used for releasing from the halt state. 


TMPZ84C01F 


Fig. 4.7 Halt Asknowlege Cycle 
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6. Precautions 

(1) To reset MPU, it is necessary to hold RESET signal input at "0" level for 
at least 3 clocks. 

In particular, to release the HALT state by RESET signal in STOP Mode, 
hold RESET signal at "0" level for sufficient time in order to stabilize 
output from the internal oscillator. 

(2) In releasing MPU from the HALT state by interrupt signal in IDLEl/2 Mode 
and STOP Mode, MPU will not be released from the HALT state and the 
internal system clock will stop again unless an interrupt signal is 
accepted during the execution of NOP instruction even when the internal 
system clock is restarted by the interrupt signal input. In particular, 
care must be taken when INT is used. 

Other precautions are identical to those for the TMPZ84C00P except those 
for RFSH terraial. Refer to the data sheet for the TMPZ84C00P. 
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TMPZ84C10AP, *TMPZ84C10AP-6, TMPZ84C10AF, *TMPZ84ClOAF-6 
CMOS Z80 DMA: Direct Memory Access Controller 
1. General Description and Features 

The TMPZ84CiOA (hereinafter referred to as DMA) is CMOS version of Z80 DMA 
(Direct Memory Access Controller) which provides low power consuming but 
powerful and versatile operations. 

This DMA is designed to improve system performance by allowing the system 
memory and peripheral LSI’s to directly transfer data between them. 
Memory-to-meraory and I/0-tO”I/0 (I/O devices as peripheral LSI or I/O 
devices such as printer, etc.) data transfer capability is also provided. 

The DMA is fabricated using Toshiba's CMOS Silicon Gate Technology. 

The principal functions and features of the DMA are as follows. 

(1) Compatible with the Zilog Z80 DMA. 

(2) DC to 4MHz operation (TMPZ84C10AP/TMPZ84C10AF) 

DC to 6MHz operation (TMPZ84C10AP-6/TMPZ84C10AF-6) 

(3) Single 5V power supply: 5V+10% 

(4) Data transfer rate 2M bytes/sec. (at 4MHz), 3M bytes/sec. (at 6MHz) 

(5) Data transfer in max. 64K byte block length. 

(6) Address generation with incrementing, decrementing, or fixed address 
by source and destination. 

(7) Built-in daisy chain structure interrupt circuit. 

(8) Low power consumption 

5mA Typ. (5V,4MHz) 

6mA Typ. (5V,6MHz) 
lOuA MAX. (5V, stand-by) 

(9) Extended operating temperature 

-40‘C to 85*C 

(10) Transfer, search, or transfer/search operations can be specified. 

(11) Byte, burst or continuous modes can be specified. 

(12) Bit maskable byte searching function. 

(13) Available in standard 40-pin dual-in-line package and 44-pin mini 
flat package. 

Further, in the following text and explanations for charts and tables, 
hexadecimal numbers are directly used without giving an identification to 
explanation of address, etc. to the extent not to cause confusions. 

* Under development. 


(Note) Z80(R) is a registered trademark of Zilog Inc., U.S.A. 
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2. Pin Connections and Pin Functions 

The pin connections and I/O pin names and brief functions of the 
TMPZ84C10A are shown below. 


2.1 Pin connections 

The pin connections of the TMPZ80C10A are as shown in Fig, 2.1. 


A5 C 
A4 C 2 
A3C 3 
A2C 4 
Ai C 5 
AO C 6 
C 7 

TOC 8 
RP C 9 
lOHq C JO 
VCC C 1 1 

J3 

BM r 14 

C 15 

iJE/^fATT C 16 
A16 Cl7 

A14 Cl8 
A13C19 
A12 C 20 


0 3A6 
>9J^7 

83IKI _ 

i7 jTRT/FOTJsb 

.6 3 lEO 
.5 3 DO 

4 3D1 

3 3D2 
>2 3 D3 

3IH 

W 3VSS(0V) 

9 305 
8 31)6 

^ 31)7 

6 3 M 3 

5 3 HI)Y 

4 3A8 
3 3 AS 
2 3 MO 
13^1 



3 5 aT 
3 5a5 


(Note) NC must be used at open condition. 
*ICV must be used at open 
Condition or Connected with Vcc. 
(b) MFP Pin Connection 

(b) TMPZ84C10AF/AF-6 


(a) TMPZ84C10AP/AP~6 

Fig. 2.1 Pin Connections (Top View) 
2.2 Pin names and functions 


Table 2.1 Pin Names and Functions 


Pin Name I Number| 

1 of Pin! 

Input/Output 

3-state 

Function 

AO - A15 1 

1 

1 

16 1 

Output 

3-state 

16-bit address bus. 

DMA output address bus to source port and 
destination port. 

CLK 1 

1 

1 

1 1 

Input 

Single phase clock signal. 

Clock input to DMA. The same clock as that 
for MPU can be used. 

1 



Write signal. 

WR I 

1 

1 

1 

1 1 

I/O 

3-state 

When used as input, MPU writes to DMA con¬ 
trol register. When used as output, DMA 
controls write to the memory or I/O port 
address. 

1 



Read signal. 

RD i 

1 

1 

1 

1 1 

I/O 

3-state 

When used as input, MPU reads out of DMA 
status register. When used as output, DMA 
controls read from the memory or I/O port 
address. 
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Pin Name 1 

Number 1 
of Pin 1 

Input/Output 1 
3-state 1 

Function 





I/O 1 

I/O request signal. 



lORQ 

1 1 

3-state 1 

1 

When I/O data is read or written, DMA con- 
rols read/write. 





Output 1 

Memory request signal. 



MREQ 1 

1 1 

3-state 1 

1 

When memory data is read or written, DMA 
controls read/write. 



BAO 

1 

Output 1 

1 

1 

Bus line enable output signal. 

In the several DMA configuration, controls 
priority for the bus using right. 



BAI 

1 

1 

1 

Input 1 

1 

Bus line enable input signal. 

Indicates that the system bus using right 
is released for DMA control. 





1 

Bus line enable input signal. 



BUSREQ 

1 1 

1 

I/O 1 

1 

Indicates that the system bus control are 
sent to MPU. Open drain. 



CE/WAIT 

1 1 

i 

Input 1 

1 

1 

Chip enable/wait signal. 

Normally, operates as CE but it is possible 
to program to operate as WAIT at time of 
data transfer. 



R0Y 

1 1 

i 

Input 1 

i 

1 

Ready signal. 

Monitored by DMA to determine effective 
polarity. Effective polarity is 
programmable. 



! 

Ml 

1 ! 

1 

Input ! 

1 

Signal showing machine cycle 1. 

Indicates that MPU is in the operation code 
fetch cycle or interruption acknowledge. 



1 

D0-D7 

1 

8 1 

I/O i 

3-state 1 

1 

1 

8-bit bidirectional data bus. 

Control byte from MPU , status byte from DMA 
and data from the memory or I/O are trans¬ 
ferred through these terminals. 



lEO 1 

1 

1 1 

1 

Output 1 

1 

1 

Interrupt enable output signal. 

Using jointly with lEI, forms the daisy 
chain structure for interrupt priority 
when several peripheral LSI' are connected. 



lEI 

i 

1 1 

1 

Input i 

1 

1 

Interrupt enable input signal. 

Using jointly with lEO, forms the daisy 
chain structure for interrupt priority 
when several peripheral LSI' are connected. 





1 

Interrupt request signal 



INT/PULSE 

1 1 

Output 1 

1 

For interrupt request and pulse generation. 
Open drain. 



vcc 

1 1 

1 

Power supply 1 

1 

+5V 



vss 

1 1 

1 

Power supply| 

1 

OV 
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3. Description of Operation 


INT/PULSE 
lEI lEO 


CE/WAIT 

rdy.Iq ^' 
ioRQ.i^BQ, 

RD.WR 


lEI lEO 

lXI 


INTER¬ 

RUPTION 

BUS 

PRIORITY 

CIRCUIT 




-V—' 

"Vn-1 


TTT 


BUSREQ 


PULSE 

CIRCUIT 


BYTE 

COUNTER 


7T 


INTERNAL 

BUS 


PORT A 
ADDRESS 




BUS 


CONTROL 


BYTE 


PORT B 

) CONTROL 


STATUS 


FJtiUALITY 



CIRCUIT 


REGISTER 


CIRCUIT 


ADDRESS 


MULTI 

PLEX. 


^AO~. 


Fig, 3.1 Block Diagram 


3.2 System configuration 

The architecture (system configuration and functions) which must be known 
in using DMA will be described here. 

Components 

(1) Control & status register groups 

(2) Bus control circuit 

(3) Pulse circuit 

(4) Byte couter 

(5) Byte equality circuit 

(6) Port A address 

(7) Port B address 

(8) Interruption pirority circuit 

3.2.1 Control & status register groups 

The DMA is provided with 21 writable regiser control register group and 7 
readable register status register group. Registers are all in 8 bits but 
2 byte data is held in optional 2 continued registers. The Z80 Micro¬ 
processor (hereinafter referred to as MPU) is capable of setting and 
monitoring values in respective registers. 

The control register group is classified into 7 groups of WRO to WR7 
(Fig. 3.2), each of which is consisting of the basic register and related 
registers. The operation of DMA is controlled by programming in the 
control register group. 
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The status register group consists of RRO to RR6 (Fig. 3.3) and are used 
to know state of execution or end of DMA operation. 

Further, these registers are described in detail in 3.4 Commands. 


WRO 7_0 

I Basic register | 

15_8_7_0 RRO 

1 Port A Start address _ I 

I Block length I RRl 


WRl RR2 

I Basic register | 

I Port A 1 

I variable timing _| RR3 


WR2 _ 

I Basic register | RR4 


1 Port B ! 

I variable timing | 

WR3 __RR5 

I Basic register | 

_ RR6 

I Mask byte _I 


I Equality byte 

WR4 _ 

I Basic register 

I Port B Start address 


I Interruption 
I control byte _ 

I Pulse control byte 

I Interruption vector 

WR5 _ 

I Basic register 

WR6 _ 

I Basic register 

I Read out mask_ 


7_0 

I Status byte I 


Byte counter (low order 8 bit) 


Byte counter (high order 8 bit) 


Port A Address counter 
(low order 8 bit)_ 


Port A Address counter 
(high order 8 bit _ 


Port B Address counter 
(low order 8 bit)_ 


Port B Address counter 
(high order 8 bit) _ 


Fig. 3.3 Status Register 


Fig. 3.2 Control Register 
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3.2.2 Bus control circuit 

The bus control circuit controls bus direction between DMA and system bus 
at time of programming, while controls the control bus at time to data 
transfer according to the data transfer direction between the memory and 
I/O devices. In addition, it controls updating of required address 

counter and byte counter. 

(1) Bus direction control 

o At time of programming, the bus master is MPU and the control bus and 
data bus (when data is written into the control regsiter) are in the 
direction from the system bus to DMA. Further, when data (status, etc.) 
is read from the control register, the direction will be from DMA to the 
sytem bus. At this time, the address bus buffer is deisabled. 

0 At time data transfer, the bus master is DMA. The control bus buffer and 
address bus buffer are enabled, and the bus direction will become from 
DMA to the system bus. 

o When data is read out of the memory or I/O deivce, the data bus direction 
is from the system bus to DMA but it becomes in the direction from DMA to 
the system bus at time of data write. 

(2) Bus request 

If DMA requeseted MPU to transfer the bus control right and received it, 
MPU cannot fetch commands from the memory and is placed in the completely 
idle state. 

For DMA to request the bus control right to MPU, following 2 enable 
conditions are required: 

(a) Enable command from MPU 

(b) Active RDY condition 

3.2.3 Pulse circuit 

The pulse circuit generates pulse signals on the INT line for every 256 
bytes of 0 to 255 when data transfer is started. The details are 
described in 3.3.2 (2) (k). 

3.2.4 Byte counter 

The byte counter is cleared wh.:ii data is transferred and is incremented 
by one whenever data is transferred for every 1 byte. A value of this 
counter is always compared with block length of WRO and when they agree 
with each other, the DMA operation ends. 

3.2.5 Byte equality circuit 

DMA always monitors data being transferred during the data transfer and 
when equality is detected, generation of interruption becomes possible. 

3.2.6 Port A address. Port B address 

Data transfer is performed between Port A and Port B. Either port is 
specified by the source and destination specified by WRO. 

3.2.7 Interrupt priority circuit 

The Z80 system used the daisy chain structure to control interrupt among 
peripheral LSI's and the bus priority among multiple DMA's. 

Further, for the interrupt timing, refer to 3.2.2 (2) (j). 
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(1) Interrupt daisy chain 

When the interrupt priority is connected in the daisy chain structure, 
connect lEI and lEO. When the interrupt is acknowledged, the interrupt 
configuration of MPU is disabled. In order to allow other peripheral LSI 
to make the interrupt into MPU, it is necessary to enable the MPU's 
interrupt configuration by the interrupt enable command. The interrupt 
enable command is normally executed in the service routine. When the 
interrupt enable command is executed in the early part of the service 
routine, a peripheral LSI with higher priority can make the interrupt 
even when MPU is executing the service routine. (Interrupt in the nest 
structure is authorized.) 



TO INTERRUPTION 
DEVICE IN LOWER 
PRIORITY ORDER 


THE HIGHEST PRIORITY DEVICE 


Fig 3.4 Interruption Daisy Chain 
(2) Bus request daisy chain 

When multiple DMA's are used, priority can be controlled by the daisy 
chain structure connection. Since BUSREQ signal of each DMA is 

bidirectional type, each DMA in the daisy chain is able to know bus 
requests as an input and until a DMA having the bus completes its 
operation, the bus requests of other DMA's are kept in wait state. 
Untile completion of the operation, any DMA is not able to release the 
bus in operation by force. Further, the bus request daisy chain has no 
nesting function but is able to hold the bus until its process is 
completed. 

The priority among DMA's in the daisy chain is in order from high order 
to low order corresponding to distances from MPU. Priority is so decided 
that low order DMA will not receive BUSACK signal through BAl/BAO chain 
of DMA when multiple DMA's made the bus request in the same clock cycle 
period. 



Fig, 3.5 Bus Request Daisy Chain 
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3.2.8 Basic functions 

DMA is provided with the following basic functions: 

(1) Data transfer paths 

1] Transfer between memory and I/O 

2] Transfer between memories 

3] Transfer between I/O and I/O 

4] Memory search 

5] I/O search 

(2) Operating classes 

(3) Operation modes 

1] Byte mode 

2] Burst mode 

3] Continuous mode 

(4) Transfer speed 

(5) Operating conditions 

(6) Automatic restart 

(7) Variable cycle 

(8) Pulse generation 

3.8.1 Data transfer paths 

The data transfer paths of DMA are as shown in Fig. 3.6. 



1] Trnasfer between 
memory and I/O 

2] Transfer between 
memories 

3] Trnasfer between 
I/O and I/O 

4] Memory search 

5] I/O search 


Fig. 3.6 Transfer paths of DMA 


(1) Transfer between memory and I/O 

This is the most ordinary method of data transfer and data transfer with 
the high speed serial interfaces (Z80SIO, etc.) is possible. 

(2) Transfer between memories 

This method of transfer is used for relocation of the memory content and 
high speed transfer of voluminous data between memories. In addition, 
this method is used to support memory mapped I/O. It is possible to 
program to make RDY conditions active for this type of data transfer. 

The same function as that of LDIR command (block transfer command) of the 
Z80 MPU is provided. Number of clocks required by MPU for transfer of 
data of single byte is 21 clocks in case of the LDIR command while it can 
be processed in 4 clocks when DMA is used (in case of 2 cycle variable 
timing). Further, when DMA is used, approx. 420 clocks are required for 
initialization but in transfering data of 25 bytes or above, DMA becomes 
advantageous . 
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(3) Transfer between I/O and I/O 

This method of transfer can be used in such applications as acquisition 
of real time data requiring temporary storage of input data. For 
instance, in transfering data from a diskette to a line printer, a 
program only starts the DMA operation and data is tranferred from I/O to 
I/O. However, if I/O error occurred, its recovery becomes necessary. 
Further, when there is a byte equality, it is possible to branch into 
various operations by the search function. 

(4) Memory search 

This memory search is used to search a large quantity of data at high 
speed. The same function as that of CPIR command (sarch command) of the 
Z80 MPU is provided. Number of clocks required by MPU for single byte 
memory search is 21 clocks when the CPTR command is used while the search 
is possible in 2 clocks (in case of 2 cycle variable timing) when DMA is 
used. Further, approx. 376 clocks are required for initialization when 
DMA is used and therefore, DMA is advantageous for memory search of more 
than 19 bytes. In addition, the search of special bytes in the end of 
block and character chfeck block is also possible. 

(5) I/O Search 

This is used for search of special bytes in the end of block and 
character check block. For instance, this is used for search of a file 
mark showning a file delimiter on a magnetic tape. 

3.2.8.2 Operating classes 

There are 3 kinds of basic operation classes for DMA. 2 out of these 3 
kinds are further divided into 2 classes. In addition, the ports 
referred to here denote the data source and destination. 

(1) Data transfer between 2 ports 

1] Transfer 

Data transfer path in the flow of readout cycle followed by write 
cycle. This is executed without external logic circuit between DMA and 
MPU. 

2] Simultaneous transfer 

Data transfer path for simultaneous read and write of data tranferred 
between ports by generating required control signal through use of an 
external logic circuit. 2 times of efficiency of the transfer only 
class is obtained. 

(2) Search of special bit pattern in byte at one port 
1] Search 

This is a method to search special bit pattern by comaparing data read 
from the source port with a matched byte. The matched byte is masked 
by another byte and can be compared with a special bit pattern (a 
certain bit in bytes). 

(3) Data transfer between 2 ports and search 
1] Transfer/search 

Data transfer is performed in the same transfer method as that of the 
only transfer class and at the same time, the same search as that for 
the search only class is performed. 
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2] Simultaneous transfer/search 

Data transfer is performed in the same transfer method as that of the 
simultaneous transfer class and at the same time, the same search as 
that for the search only class is performed. 

In this case, an external logic circuit is required. 

3.2,8.3 Operation modes 

In the transfer methods for various operation classes, DMA can select the 
following modes: 
o Byte mode 
o Burst mode 
o Continuous mode 


The single byte 
to all modes). 


transfer/search is shown in Fig. 3.7 (commonly applicable 



o CONTINUITY 
O BUS RELEASE 
o INTERRUPT 

Fig. 3.7 Single Byte Transfer/Search 

The data transfer is started at the point of time when DMA is enabled. 
In the first single byte operation in any mode, RDY signal is first 
checked to determine if it is active. 
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Thea, the bus request is made and single byte transfer/search is 
performed when DMA becomes the bus master. The same operation is 
continued until the end of block judgement is made. If it is not the end 
of block, however, a different operation is carried out after judgement 
of RDY signal. The operations in respective modes are as shown in Fig. 
3.8, 3.9 and 3.10. 

(1) Byte mode 

In the data transfer operation of DMA, the system bus control right is 
released whenever 1 byte is transferred at a time and the system bus 
control right is returned to MPU for at least one machine cycle period. 
If RDY signal of DMA is active when one machine cycle passes after the 
system bus control right is returned to MPU, the bus request is made 
again to MPU and next one byte data transfer is performed. Further, when 
RDY signal is non-active, the system bus control right is retained by 
MPU. This operation is shown in Fig. 3.8. 



O INTERRUPT 
o BUS RELEASE 
o AUTOMATIC RESTART 


Fig. 3.8 Byte Mode 
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(2) Burst mode 

In the burst mode, after one byte data is transferred, BU)Y signal is 
checked to determine if it is active whithout abandoning the system bus 
control right. If RDY signal is active, data transfer is continued until 
RDY signal becomes non-active and after the data transfer is completed, 
DMA stops to operate. Since MPU is ready to operate during the period in 
which I/O device does not transfer data (when RDY signal is non-active), 
data transfer rate and bus using efficiency are effective. 

This operation is shown in Fig. 3.9. 


Fig. 3.9 Burst Mode 
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(3) Continuous mode 

When the data transfer is commenced, DMA retains the system bus control 
right until the transfer of last byte of a data block is completed or the 
stop condition of RDY signal becomes non-active during the operation, DMA 
is simply put in the idle state and still retains the system bus control 
right while waiting that RDY signal becomes active again. What must be 
taken care of Is that if number of data bytes is smaller than that set in 
the byte counter, DMA cannot end the block transfer forever and the 
system is impeded to operate properly. 

This operation is shown in Fig. 3.10. 



o INTERRUPT 
o BUS RELEASE 
o AUTOMATIC RESTART 


Fig. 3.10 Continuous Mode 
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3.2.8.4 Transfer speed 

Shown in Table 3.1 are the comparison of max. transfer rates in 5 
transfer classes of DMA operation and that of max. transfer rates in 
block transfer command of MPU. The max. speed transfer rate is 
accomplished in the simultaneous transfer operation of DMA and at least 
one external logic circuit is required. DMA transfers shown in the table 
are based on the assumption that interruption is not involved in the 
burst or continuous mode, and that the read and write cycle is 2 cycles. 

Table 3.1 Transfer and Search Max. Speed (Burst and continuous modes) 


Operation 


z-80 

(4.0 MHz) 

Z-80 

(6.0 MHz) 

Simultaneous transfer 

I 



of DMA 

DMA search only 
Simultaneous transfer/ 
search 

I 

I 

I 

_i 

2M byte/S 

3M byte/S 

DMA transfer 

DMA transfer/search 

~i_ 

IM byte/S 

1.5M byte/S 


Block transfer command 0.200M byte/S 0.300M byte/S 

of MPU 


Shown in Table 3.2 is the comparison of the Z80 throughput reduction rate 
(per transfer K baud) in the byte mode of data transfer by DMA with the 
throughput reduction rate in the byte transfer using the interrupt 
service routine by six commands (actual minimum) by MPU. The DMA 
transfer in this data is based on the assumption that read and write 
cycle timing is longer than 2 cycles (min.). Therefore, MPU throughput 
reduction rate in the 2 cycle simultaneous tranfer is further reduced. 

Table 3.2 Z--80 MPU throughput reduction per DMA transfer K baud 
(byte mode) 


Operation Z-80 Z-80 

_(4.0 MHz)_(6.0 MHz) 


DMA transfer I 

0.041% 

0.027% 

DMA transfer/search I 



MPU transfer by interrupt 

0.213% 

0.142% 


3.2.8.5 Operating conditions 

Programmable conditions to get DMA perform certain operations and these 
operations are shown in Table 3.3 (a) and (b). The conditions referred 
to here are those conditions for the internal registers of DMA, signals 
from peripheral LSI's and commands to DMA on the data bus. For details 
refer to Table 3.3 (a) and (b). 
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Table 3.3 (a) Operating Conditions 

ConditionsIOperations that can be caused 

_ I under conditions at left hand 

End of block I a. Bus release 

I b. MPU interruption 

_I c. Automatic restart_ 


Table 3.3 (b) Operating Conditions 



Conditions 

1 Operations that can 

1 under conditions at 

be caused 
left hand 



Coincidence of byte 

1 a. 

1 b. 

1 c. 

Bus release 

MPU interruption 
Continuation 




Pulse control byte coincided 
with low order byte of byte 
counter 

1 a. 

1 

1 

Pulse generation 




RDY signal is active 

1 a. 

! b. 

Bus request 

MPU interruption 




RDY signal is non-active 

1 a. 

Bus release 





1 b. 

1 

Breaking (in case 
continuous mode) 

of 



RETI command (interruption 
return command from MPU) 

1 a. 

1 

Bus request 




3.2.8.6 Automatic restart 

In DMA data transfer, it is possible to automatically clear the byte 
counter, load the content of the start address register on the address 
counter again and restart the data transfer at the end of block. 

The automatic restart function can reduce a burden of software on MPU in 
the CRT refresh or repeating operation. In addition, it is possible to 
write a different start address into the buffer register during the data 
transfer (when RDY signal is non-active and the bus is released during 
the data transfer in the byte mode or burst mode). At this time, it 
becomes possible to commence the automatic restart of data transfer from 
a new start address. 

3.2.8.7 Variable cycle 

DMA is capable of changing readout and write cycle lengths through 
programming. This function is effective in increasing data transfer rate 
and reducing a burden on a software, and an external logic circuit may be 
omitted. Refer to 3.3.2 (2) (i) where this function is described. 

3.2.8.8 Pulse generation 

DMA generates pulse signal on the INT line for every 256 bytes for data 
transfer. This is described in detail in 3.3.2 (2) (k) . 

3.2.9 Interrupt 

DMA is able to make an interrupt request to MPU under the following 
conditions: 
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o After DMA's RDY signal becomes active and before DMA makes a bus 
request (BUSREQ ^ "0"). 

o When the content of the byte counter coincides with that of the block 
length register and the end of block is detected, 
o When the content of the coincided byte masked by the mask byte 
coincides with data in the transfer or search period when the byte 
coincidence is formed. 


To make an interrupt request to MPU, it is necessary for DMA to release 
the bus. If DMA is the bus master, signal on the INI line generates 
periodic pulses to the peripheral LSI's, which are not sensed by MPU. 
Therefore, at the end of block or after stop by byte coincidence, DMA 
releases the bus before interrupting MPU. 

If interrupt at the end of block and automatic restart at the end of 
block are set for DMA by programming, an interrupt is taken place at each 
end of block (at this point of time, it is acknowledged for the 
continuous operation) . If the automatic restart is programmed in this 
case, the status flag at the end of block is not set. In this case, the 
interrupt vector cannot determine a factor for that interrupt. 

On the Z80 system, interrupt is controlled through the daisy chain 
system. For the interrupt daisy chain, refer to 3.2.7 Interrupt/ 
Priority Circuit. In addition, for the interrupt timing, refer to 3.3.2 
(2) (j). 

3.3 Status change flowchart and basic timing 

The status change flowchart and the basic data transfer timing by DMA are 
shown here. The status change flowchart is shown in 3.3.1 and the basic 
timing in 3.3.2. 


3.3.1 Status change flowchart 





to Fig. 3 1 1 (c) 

. 3.11(a) Status Change Flowchart 


o BUS RBLFASE 
o INTERRUPT 


Fig, 3.il(b) Status Change Flowchart 
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BYTE MODE 
DMAENABLE^ 


BUHST MODE 

DMA ENABLE 


CONTINUOUS MODE 
(^MA ENABLE^ 


^ RDY "\NO 
ACTIVE ? 


RDY 

ACTIVE ? 


^ RDY NO 

ACTIVE ? — 


RDY YES 


RDY '^^YES _ 

<- ACTIVE ? -- 


ACTIVE V 


1 BYTE 

TRA NS FER/S E ARCH 


1 BYTE 

T R AR S F EfV/S E AR C H 


1 BYTE 

TRANSFEV'SEARCH 


CHANGE D5 OF 
RRO TO '0’. 


CHANGE D5 OF 
RRO TO 'o' 


CHANGE D5 OF 
RRO TO 'O' 


l EI = 1 j INT = 0 

(interrupt) 


BUSREQ = lt 

{^s release) 


BUSRE'l, = 0| 

^ AUTOMATIC'' 
V RESTART . 


lote) The details for single byte transfer/search is shown in Fig. 3.11(b) 
Status Change Flowchart. 

Fig. 3.11 (c) Status Change Flowchart 
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3.3.2 Basic timing 

When DMA receives a command from MPU or reads the readout register, MPU 
has the system bus control right, BUSACK = "1", and MPU is called the bus 
master. When DMA operation is data transfer by DMA proper, BUSACK = ”0", 
and DMA gets the system bus control right and becomes the bus master. 

(1) When the bus master is MPU: 

(a) Write timing into the write register 

To write data into the write register, it is necessary for 3 signals of 
CE, lORQ and WR to become "0" simultaneously at the rising edge of 
clock. At this leading edge, DMA latches these 3 signals. After 
latched, CE, lORQ and WR signals may change to the invalid level after 
certain hold time. Further, DMA writes the status of the data bus (DO 
to D7) into necessary write registers at the rising edge of next clock. 



(b) Readout timing from the readout register 

To readout the readout register it is necessary that 3 signals of CE, 
lORQ and RD are at "0" and stable for more than 2 clocks. At the 
rising edges of 2 clocks , the status data is on the data bus and kept 
as long as CE, lORQ and WR signals are active. 



Fig. 3.13 Readout Timing from the Readout Register of DMA 
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(2) When DMA is the bus master: 

(a) Transfer 

Transfer and transfer/search operations are performed at the same 
timing. 

Data is latched at the rising edge of RD signal (in case of the 
standard timing, the falling edge of T3 state) and held on the data bus 
during next write cycle. After RD signal becomes "1", the data bus 
buffer of DMA is enabled. 

The standard timing is 3 clock cycles for the memory operation while it 
is 4 clock cycles for the I/O operation. In addition, in the I/O 
operation, the timing is 4 clock cycles including TW* which is 
automatically inserted between T2 and T3 state. 

When CE/WAIT signal is programmed as "Multiplex'* in the write regiser 
WR5, DMA samples the status of this signal at the falling edge of T2 in 
case of the memory readout and at the falling edge of TW* in case of 
the I/O write. If WAIT signal is at "0" level at this time, DMA 
inserts one clock cycle (Tw) and if it is at "1" level, proceeds to 
next cycle. Further, when Tw is inserted, WAIT signal is sampled again 
during this period and the same processing is performed. 

o Memory to I/O 




MREQ, 


lORQ 

WR 

Dq--' D7 

^/^waIT 



Tl 1 

nj 

1 

T 
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Fig. 3.14 Transfer Standard Timing of Memory to I/O 
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In the memory readout, DMA put the memory address on the memory bus (AO 
to A5) in the period of T1 rise and bring MREQ and RD signals to "0" 
level at the falling edge of T1 state. The memory data is read out at 
thi& point of time, put on the data bus (DO to D7), latched by DMA at 
the falling edge of T3 immediately before the rise of RD signal, and 
when RD signal becomes "1" level, DMA data bus buffer is enabled and 
the latched data is output on the data bus. 

In the I/O write cyle, DMA put I/O address on the address bus in the T1 
rise operiod, makes lORQ signal and WR signal to "0" level in the T2 
rise period, and writes the data on the data bus (data readout from the 
memory) into I/O. 

o I/O to memory 

In the I/O readout cycle, DMA put I/O address on the address bus in the 
T1 rise period and makes lORQ signal and RD signal to *'0" in the T2 
fall period. I/O data is read out and placed on the data bus at this 
time, and is latched by DMA at the trailing edge of T3 immediately 
before the rise of RD signal. When RD signal becomes "1" level, DMA 
data bus buffer is enabled and the latched data is output on the data 
bus . 



Fig. 3.15 Transfer Standard Timing of I/O to Memory 
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In the memory write cycle, DMA places memory address on the address bus 
in the T1 fall period, makes MREQ signal to "0" level at the falling 
edgQ of T1 and WR signal to "0" level in the T2 rise period, and write 
data on the data bus (data readout from I/O) into the memory. 

o Memory to memory 

This operation is a combined operation of the memory read cycle and 
memory write cycle. 



o I/O to I/O 

This operation is a combined operation of the I/O read cycle and I/O 
write cycle. 



Fig. 3.17 Transfer Timing of I/O to I/O 
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(b) Search timing 

The search operation is identical to the readout only operation and 
data is only read into DMA register for comparison with coincided byte. 

The timing of search operation is identical to that of memory to I/O 
transfer shown in Fig. 3.14 and that of I/O to memory transfer in Fig. 
3.15. 

(c) Simultaneous transfer 

The simultaneous transfer operation and the simultaneous transfer/ 
search operation are performed in the same timing. 

When DMA is programmed in the search only mode, the read and write 
cycles are generated in one read cycle (source port readout period). 
Since only one address is generated on the address bus, the memory or 
I/O control signal is generated using an external logic circuit and DMA 
operation is performed according to this control signal. In addition, 

I/O ports are selected by hardware during the operation. Signals with 

(EXT) shown in Fig. 3.18 through Fig. 3.21 are those generated by an 
external logic circuit. 

o Memory to I/O (Memory search cycle) 

In this data transfer, the memory search mode is programmed and the 
memory readout and I/O write are performed in one read cycle by 
generating lORQ signal and WR signal in the memory readout cycle using 
an external logic circuit. The hardware performs the memory readout by 
MREQ signal and RD signal that are output by DMA and the I/O write by 
lORQ signal and WD signal that are generated using an external logic 
circuit. 


READ/WRITE CYCLE 



T1 

T2 

1 

T3 

CLK 
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Fig. 3.18 Simultaneous Transfer Timing of Memory to I/O 
(Memory research timing) 
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o I/O to memory (Memory search cycle) 

In this data transfer, the memory search mode is programmed and the I/O 
read and memory write operations are performed in one readout cycle by 
generating lORQ signal and WR signal in the memory readout cycle using 
an external logic circuit. The hardwaer performs the I/O readout using 
RD signal output by DMA and lORQ signal generated by an external logic 
circuit and the memory write using MREQ signal generated by DMA and WR 
signal produced by an external logic circuit. 
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- 

- 


Fig. 3.19 Simultaneous Transfer Timing of I/O to Memory 
(Memory research timing) 

o Memory to I/O (I/O search cycle) 

In this data transfer, the I/O search mode is programmed and the memory 
read and I/O write operations are performed in one readout cycle by 
generating MREQ signal and WR signal in the I/O readout cycle using an 
external logic circuit. The hardwaer performs the memory readout using 
RD signal output by DMA and MREQ signal generated by an external logic 
circuit and the I/O write using lORQ signal generated by DMA and WR 
signal produced by an external logic circuit. 

o I/O to memory (I/O search cycle) 

In this data transfer, the I/O search mode is programmed and the I/O 
read and memory write operations are performed in one readout cycle by 
generating MREQ signal and WR signal in the I/O readout cycle using an 
external logic circuit. The hardwaer performs the I/O readout using 
lORQ and RD signals output by DMA and the memory write using MREQ 
signal and WR signal produced by an external logic circuit. 
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(Note) Although addresses on AO - A15 are originally I/O addresses, they 
are handled as memory addresses. 

Fig. 3.20 Simultaneous Transfer Timing of Memory to I/O (I/O search timing) 



(Note) Although addresses on AO - A15 are originally I/O addresses, they 
are handled as memory addresses. 

Fig. 3.21 Simultaneous Transfer Timing of Memory to I/O (I/O search timing) 
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(d) Bus request timing 

When RDY signal becomes active, DMA samples RDY signal at the rising 
edge of the clock and if the bus is not full (BUSREQ = "!'*) DMA makes 
BUSREQ signal to "0" level at the rising edge of next clock and request 
MPU to hand over the system bus control right. 

MPU samples BUSREQ signal at the rising edge of the last state clock of 
the machine cycle which MPU is executing at that point of time and if 
it is "0”, makes BUSACK signal to "0" level at the rising edge of next 
clock. 

Therefore, maximum value of a time required for MPU to hand over the 
bus control right to DMA (BUSACK = "0") after DMA detected that RDY 
signal becomes active is the sum of one machine cycle (variable) and 
one clock period of MPU. 

When detecting that BAI (BUSACK) signal is at "0" level for 2 clock 
period, DMA start the DMA action. There is the delay time of max. One 
machine cycle + 3 clock period after RDY signal becomes active till the 
DMA action is actually started. 


MACHINE CYCLE OP MPU 



(e) Bus release timing - byte mode 

In the byte mode, DMA makes BUSREQ signal to ”1" level at the rising 
edge of the clock immediately before end of each data transfer cycle 
(the end of readout cycle in the search operation and the end of write 
cycle in the transfer and transfer/searach operation.) 

Although BUSREQ signal becomes "1” before the end of DMA cycle by one 
clock, MPU resumes the operation one clock after BUSREQ signal becomes 
”1*' level and therefore, there will be no trouble. 

After the bus is released, next bus request is made at the leading edge 
of the clock immediately after both BUSREQ signal and BAI signal 
becomes “1** level. RDY signal being active is the conditions for this. 

DMA CYCLE 


CLK 


BUSREQ 
bHC BUSACK) 

Fig. 3.23 Bus Release Timing - Byte Mode 
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(f) Bus release at the end of block in the busrst mode or continuous mode 

When it is programmed to stop DMA at the end of block in the burst mode 
or continuous mode, BUSREQ signal is set to ”1" level at the rising 
edge of the clock at the end of last data transfer. This last data is 
transferred even when RDY signal becomes non-active. 



Fig. 3.24 Bus Request Timing - at End of Block 

(g) Bus release when coincidence is detected in the burst mode or 
continuous mode 

When DMA is set in the burst mode or continuous mode and programmed to 
stop its operation at byte coincidence, DMA stops to operated when the 
byte coincidence is detected. 

Since DMA operation is pipelined and the advance reading is performed, 
a check to determine if the n th data coincides with the coincidenced 
byte is carried out at the same time when the n + 1 st data is 
transferred. Therefore, data of N + 1 byte is transferred and BUSREQ 
signal is set to "1" level at the leading edge of the clock when this 
transfer ended. 



Fig. 3.25 Bus Release Timing - Byte Mode 

(h) Bus release when RDY signal is non-active 

If RDY signal becomes non-active in the burst mode, BUSREQ signal is 
set to '*1'* level at the rising edge of next clock after end of the byte 
operation that is under execution at the time. For instance, this is 
done when the read of the search only or simultaneous transfer/search 
operation ended or when the write of the transfer/search operation 
ended. Therefore, the action for BUSREQ signal is slightly behind the 
action for RDY signal. 
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DMA always does not release the bus until the byte action at the time 
is completed. 

In contrast with this, in the continuous mode BUSREQ signal is kept at 
"0" level even when RDY signal becomes non-active. 

In addition, after the byte action at the time ended DMA is put in the 
idle state until RDY signal becomes active again. 

This figure is shown in Fig. 3.26. 
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j~L_n_rT. 
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BUSREQ, 
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./ 
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Fig. 3.26 Bus Release Timing when RDY Signal becomes Non-active 

Timing of RDY signal with other signals are shown in Figs. 3.27, 3.28 
and 3.29. In these figures the memory search only operation by the Z80 
standard timing by mode is assumed. In each of the operation modes, 
RDY signal is sampled at the rising edge of the last clock of the read 
or write cycle to determine its level. 

RDY signal can become non-active before completion of the last byte 
operation without affecting its operation. In the byte or burst mode, 
BUSREQ signal and BAI signal are set to “I" at the end of byte 
operation of RDY signal. In the byte or burst mode, the bus control 
signals (MREQ, lORQ, RD, WR) are also kept at "1" level as long as RDY 
signal is non-active. Further, the address bus and data bus are kept 
in 3 state. 

The continuous mode differs from other modes in that the address bus 
holds an address which is incremented in advance against next byte 
during the period when RDY signal is non-active. This address can be 
used immediately after RDY signal becomes active again. 
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Fig. 3.29 Timings of RDY signal with other signals (Continuous mode) 

(i) Variable cycle 

When programmed, DMA is capable of changing read and write cycle 
lengths. Source and destination can be programmed independently by the 
write register WRl (designation of Port A) and WR2 (designation of Port 
B). This variable cycle function allows the read or write in 2, 3 or 4 
clock cycles (more clock cycles if Tw is inserted) and further, can 
increase or decrease pulse widths of all signals generated by DMA. 
Four signals relative to the data transfer; MREQ, lORQ, RD and WR 
signals have the function to end the rising edge timing earlier by 1/2 
clock independently. 

Differing from the standard timing, in the variable cycle mode lORQ 
signal becomes active earlier than MREQ, RD and WR signals by 1/2 
clock. Further, CE/WAIT signal can be used in the extension of 3 or 4 
clock cycle variable memory cycle and 4 clock cycle variable I/O cycle 
only. In the 3 or 4 clock cycle memor 3 r operation, CE/WAIT signal is 
sampled at the T2 falling edge while it is sampled at the T3 falling 
edge in the 4 clock cycle I/O operation. In the 2 clock cycle 
operation it is not sampled. Use of this variable cycle is effective 
in increasing data transfer rate and reducing software burden and 
further, can eliminate an external logic circuit. In addition, this 
function fjrovides more faster memory read/write speed than normal 
speed. 
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Fig. 30 Variable Cycle 
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Fig. 31 WAIT Samtile in Variable Timing 


(j) Interrupt 

The timing for the interrupt acknowledge or return from interrupt is 
identical to that of other Z80 peripheral LSI's. INT signal is sampled 
by MPU at the rising edge of the last clock of all commands. If the 
interrupt enable is not set by the internal MPU software or when BUSREQ 
signal is active, this INT signal is not accepted. When INT signal is 
accpeted, lORQ signal also becomes active at the same time (normally, 
MREQ signal) in the period of its Ml cycle, indicating that the 
interrupting LSI can load its S-bit vector on the data bus. At the 
same time, two wait status are automatically inserted into this cycle. 
This is to facilitate execution of the priority interrupt mechanism and 
the wait status of 2T gives a stabilizing time to lEl and lEO signals 
and thus, it becomes possible to identify which peripheral LIS will 
react. 
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Fig. 3.32 Interrupt Acknowledge 

Interrupt on RDY signal (interrupt before the bus request) does not 
directly affect BUSREQ signal. The process in this case is carried out 
by giving following commands to the write register WR6 in the interrupt 
service routine. 

o Enable after interrupt return (B7H) 
o DMA enable (87H) 

o Execution of RETI command to reset lUS latch during the interrupt 
service in the Z80 DMA (ED4DH) 

(k) Pulse generation 

In the pulse generation, INT signal is set to "0" level (pulses are 
generated on the INT line) every 256 bytes after offset value is loaded 
to the write registger WR4 by the program. 

INT signal is put to "0” level during the DMA cycle in which pulse 
control bytes coincide with low order bytes of the byte counter and 
kept at *'0*' level in the full period of transfer cycle. Here, the 
transfer cycle means the read cycle (the search only or simultaneous 
transfer operation) or read/write cycle and lengths of the read and 
write cycles can be set independently by variable cycle. 


- 133 - 











TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C10AP/TMPZ84C1OAP-6 
TMPZ84CI0AF/TMPZ84C10AF-6 



Fig. 3.33 (a) Pulse Output (Standard timing at the time of transfer) 



Fig. 3.33 (b) Pulse Output (Standard timing at the time of memory search) 

(1) Precautions 
1] Transfer timing 

Although the DMA transfer timing is basically identical to the read/ 
write timing of the Z80 MPU, care is required when variable cycle is 
used or in case of simultaneous transfer. 

In the case of simultaneous transfer, all addresses which are output by 
DMA are interpreted to be memory addresses and I/O are selected by the 
hardware using an external logic circuit. It is normally programmed 
that I/O addresses are fixed and memory addresses are updated during 
the DMA operation. At this time, DMA controls memory addresses and 
outputs I/O select signal using an external logic circuit. 
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2] Memory refresh 

Since DMA has no refresh signal output function, the refresh of a 
dynamic RAM is performed normally using RFSH signal of MPU. If the 
tran^sfer period becomes long in the DMA operation using the burst mode 
or continuous mode, another refresh method must be used. 

3] Pulse generation 

When the pulse generating function is used for transfer in the byte 
mode, pulse output is generated in two times. This is to avoid BAI 
signal from becoming non-active and MPU from being put in HALT state. 
Further, when offset value and low order 8 bits of the block length are 
equal other, pulse is once generated and after DMA operation is 
completed, pulse is generated during the read cycle of the 1st byte 
when the DMA operation is performed again without changing the offset 
value. 


TRANSFER CYCLE OF TRANSFER CYCLE OF 



Fig. 3.34 Pulse Generation Timing (at Byte mode) 

3.4 Peripheral commands 

To operate DMA, specify its operations by writing into the control 
register group through programming. In addition, the status of DMA can 
be known by reading the contents of the status register group. 

To give effect to this on a program, write the operation into the write 
register by OTIR or OUT command to MPU and read out by INIR or IN 
command. In both cases, output of the I/O address decoder to DMA becomes 
"0" level. This output is connected to the CE/WAIT pin. 

The configurations of the control register group and status register 
group are as follows: 

(1) Control register group 

1] Write register WRO 

2] Write register WRl 

3] Write register WR2 

4] Write register WR3 

5] Write register WR4 

6] Write register WR5 

7] Write register WR6 
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(2) Status register group 

1] Readout register RRO 

2] Readout register RRl 

3] Readout register RR2 

4] Readout register RR3 

5] Readout register RR4 

6] Readout register RR5 

7] Readout register RR6 

3.4.1 Control register group 

The control registers consist of 7 groups of WRO to WR6, each of which 
consists of a basic register and related registers. If the pointer bit 
of the basic register is "1”, related registers are accessed by turns. 
The basic registers WRO to WR6 are identified by the combination of bits 
0, 1, 2, 6 and 7. There may be pointer bits for related registers. BBH 
(followed by the readout mask) command of WR6 has no pointer bit but data 
that follows this command is limited to the readout mask. 

(1) Write register WRO 

WRO is idnetified by the condition that Bit 7 of the basic register is 
"0" and Bit 1, 0 are other than both "0". 

WRO has 4 pointer bits, each of which has related registers, 
respectively. 

(a) Basic register bit 0, 1 (Designation of operating class) 

Bit 0 and 1 designate the operating class; transfer, search only, and 
transfer/search operaitons. In addition, simultaneous transfer or 
transfer/search is obtained by selecting search and generating a proper 
bus control signal for complete transfer through external hardware. 

D7 D6 D5 D4 D3 D2 Dl DO 
Basic register i 0 | | | I I I I I 


I I I I Data transfer mode 

I I I I 0 0 Don't use 

I I I I 0 1 Transfer 

I I I I 1 0 Search 

I I I I 1 1 Transfer/search 

I I I I 

I I I Data transfer direction 

I I I 0 Port B -> Port A 

I I I 1 Port A -> Port B 


I Port A Start address 
I (Low order 8 bits) 


I Port A Start address 
I (high order 8 bits) 
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I I 

I V 

Related register #2 I I I i 

I I I I 

1 1 1 1 1 Block length 

1 1 1 1 1 (low order 8 bits) 

V 

Related register #3 I I I I 

I I I I 

1 1 1 1 1 Block length 

1 1 1 1 1 (high order 8 bits) 


Fig. 3.35 Write Register WRO 


(b) Basic register bit 2 (Designation of data transfer direction) 

Data transfer direction is designated when the source port and 
destination port at time of the transfer only operaiton by Bit 2. In 
the search only operation, the source port only is designated and in 
the simultaenous transfer or transfer/search operation, the destination 
port is decided by external wiring. 

(c) Basic register bit 3-6 (Pointer bits) 

Bit 3-6 are the pointer bits which are used to designate four related 
registers following respective bits. 

(d) Related register #0, #1 (Port A start address) 

These registers are accessed by Bit 3 and 4 of the basic register byte. 

When Port A is used as a source or destination, it is necessary to 
write the start address. Low order bytes are written into #0 and high 
order bytes in #1. 

(e) Related register #2, #3 (Block length) 

These registers are designated by Bit 5 and 6 of the basic register. 
Max. 64K bytes can be designated by writing low order bytes of block 
length into #2 and high order bytes into #3. However, as data read is 
pipe line type, number of bytes actually searched or transferred is 
more than that entered here by 1 or 2. In addition, if "zero" is set 
for these registers, the transfer or search of 2**16+1 bytes is carried 
out. 

(2) Write register WRl 

WRl is idnetified by the condition that all of Bits 0, 1 and 7 of the 
basic register are "0" and Bit 2 is "1". 

(a) Basic register bit 3 (Port A designation) 

A memory is designated by Port A when "0" is written for Bit 3, while 
I/O is designated when "1" is written. This designation makes the 
control signal (MREQ or lORQ) active against the cycle including this 
port. 
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D7 D6 D5 D4 D3 D2 D1 DO 
Basic register |0| | | | |ll0|0| 



I I I I Designation of Port A 

I I 1 0 Port A - Memory 

I I I 1 Port A - I/O 

I I I 

1 I I Port A address update 
I 0 0 Decrement 

I 0 1 _ Increment 

I 1 0 |_ 

I 1 1 _I Address fix 

_y_ 

Related register #0 | | | 0 | 0 | | | | I Port A variable 


I I I I I timing byte 


1 

1 

1 

1 

i 

1 

1 1 

1 1 

1 1 

1 

1 

0 

1 

1 

0 

Cycle length 
4 clock 

1 

1 

_l 1 

0 

1 

3 clock 

1 

1 1 


1 

0 

2 clock 

T’O' 

1 

1 

'|"0"|"0" 

1 1 

1 1 

|"0" 

1 

1 

1 

1 

Don’t use 


WR RD MREQ lORQ Early end 
Fig. 3.36 Write Register WRl 

(b) Basic register Bit 4, 5 (Fixed or variable address designation) 

Fixed or variable Port A address is designated by Bit 4 and Bit 5 for 
each transfer or search byte. 

(c) Basic register Bit 6 (Pointer bit) 

When Bit 6 is set to "1", next related register is accessed. In 
addition, when Bit 6 is set to "0", DMA*s variable cycle is not used. 

(d) Related register #0 (Port A variable timing byte) 

. By setting values for this register, Port A cycle length and control 
signal timing can be designated, 
o Bit 0, 1 (Cycle length) 

Length of data transfer cycle (memory read/write, I/O read/write) 
relative to Port A is designated. Timing can be changed in a range 
of 2 ” 4 clocks. 
o Bit 2, 3, 6, 7 (Early end) 

The timing of the control signal lORQ, MREQ, RD and WR can be 
advanced by 1/2 clock. 

(3) Write register WR2 

WR2 is idnetified by the condition that all of Bits 0, 1, 2 and 7 of the 
basic register are "0" 
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(a) Basic register bit 3 (Port B designation) 

A memory is designated by Port B when "0" is written for Bit 3, while 
I/O is designated when ”1" is written. This designation makes the 


control signal 

(MREQ 

or 

lORQ) 

active 

against the 

cycle including 

port. 









D7 

D6 

D5 

D4 

D3 

D2 D1 DO 


Basic register 

1 0 

1_ 

1 

1 1 
1 1 


1 

1 

1 0 1 0 1 0 1 

1 1 1 




1 

1 

1 

1 

“T 

1 

1 

1 

Designation of Port B 



1 

1 

1 

0 

Port B - 

Memory 



1 

1 

1 

1 

1 

1 

1 

Port B 

I/O 



1 

1 

1 

1 

1 

1 

Port B address 

update 



1 

0 

0 


Decrement 




1 

0 

1 


Increment 




1 

1 

0 

1 





1 

1 

1 

1 

_i 

Address fix 


Related register #0 

1 

V 

1 

1 0 1 

0 

1 

1 1 1 

Port B variabl( 


1_ 

1 

1 1 


1 

1 1 1 1 

timing byte 


1 

1 

1 

1 1 

1 1 

1 

1 

1 

1 

Cycle length 

I 

1 

1 1 

0 

0 

4 clock 

1 

1 

1 1 

0 

1 

3 clock 

1 

1 1 

1 

1 

0 

2 clock 

1 

1 

1 

"0"|"0"i"0" 

1 1 

1 1 

|"0" 

1 

1 

1 

1 

Don’t use 


WR RD MREQ lORQ Early end 
Fig. 3.37 Write Register WR2 

(b) Basic register Bit 4, 5 (Fixed or variable address designation) 

Fixed or variable Port B address is designated by Bit 4 and Bit 5 for 
each transfer or search byte. 

(c) Basic register Bit 6 (Pointer bit) 

When Bit 6 is set to '*1'*, next related register is accessed. In 
addition, when Bit 6 is set to "0", DMA’s variable cycle is not used. 

(d) Related register (Port B variable timing byte) 

By setting values for this register, Port B cycle length and control 
signal timing can be designated, 
o Bit 0, 1 (Cycle length) 

Length of data transfer cycle (memory read/write, I/O read/write) 
relative to Port B is designated. Timing can be changed in a range 
of 2 - 4 clocks. 
o Bit 2, 3, 6, 7 (Early end) 

The timing of the control signal lORQ, MREQ, RD and WR can be 
advanced by 1/2 clock. 
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(4) Write register WR3 

WR3 is identified by the condition that both Bit 0 and Bit 1 of the basic 
register are "0" and Bit 7 is "1”. 

(a) Basic register Bit 2 (Stop on match) 

This bit is used for the search or trans f er/search operation. When 
this bit is "1" and transferred data matches the match byte, the data 
transfer is stopped and the bus is released. When this bit is "0” and 
transferred data matches the match byte (if DMA is not stopped even 
when they matched), the status flag is set on the status byte to allow 
interrupt resulting from byte match. 

(b) Basic register Bit 3 (Pointer bit) 

When this bit is set at "I”, the mask byte follows the basic register. 

(c) Basic register Bit 4 (Pointer bit) 

When this bit is set at *'1", a match byte follows the basic register. 
This bit designates a match byte used for comparison with all data to 
be searched. 

(d) Basic register Bit 5 (Interrupt enabled) 

When this bit is set at ”1", DMA interrupt is enabled. 

(e) Basic register Bit 6 (DMA enable) 

When this bit is set at ”1", DMA operation is enabled and a bus request 
can be made to MPU. 

(f) Related register #0 (Mask byte) 

This register is accessed by basic register Bit 3. It is possible to 
write a mask byte required for the search operation. The mask byte is 
capable of masking the match byte (data to be compared) during the 
search operation to extract bits to be compared. 

When all bits of the mask byte are at "0”, the comparison is made and 

when they are at "1", the masking is made. In addition, if no masking 

is required and all bits are compared, write OOH mask byte. 

(g) Related register #1 (matche byte) 

This register is accessed by basic register Bit 4. The match byte is 

used as data to be comapred when the data transfer mode is search or 

transfer/search. The match byte is masked by the mask byte of related 
register #0. 
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D7 D6 D5 D4 

D3 

D2 D1 DO 

Basic register 111 I I 

I I I I 

- 1 —^—r 

1 

1 

1 

1 0 t 0 1 

1 1 1 1 

1 

I I I 

I i I 

DMA Enable : 1 I I 

1 1 

1 

1 

1 

1 

1 

1 

1 : Stop on match 

1 1 

Interrupt enable : 1 1 

1 

1 

1 

1 


1 

Related register #0 | | | | 

V 

1 

1 1 1 10: Comparison 

(mask byte) 1 1 1 1 

1 

1 

1 1 1 1 

V 

Related register #1 I ! | | 

1 

1 1 1 1 

(match byte) 1 1 1 1 

1 

1 1 1 1 


Fig. 3.38 Write Register WR3 


(5) Write register WR4 

WR4 is identified by the condition that both Bit 0 and Bit 7 of the basic 
register are "1" and Bit 1 is "0". 

(a) Basic register Bit 2-4 (Pointer bit) 

When these bits are set at ”1*’, the related registers #0 to #2 are 
accessed after the basic register. 

(b) Basic register Bit 5, 6 (Operation mode designation) 

Operation mode selected values can be set for Bit 5 and Bit 6. For 

values to be set, refer to Fig. 3.39. 

(c) Related register #0, #1 (Port B start address) 

These registers are accessed by basic register Bit 2 and Bit 3. 

Related register #0 designates low order byte of Port B start address 

while related register #1 designated high order byte of Port B. 
Further, if low order 8 bits are sufficient for Port B start address, 
the loading to related register #1 is not required. 

(d) Related register #2 (Interrupt control byte) 

This register control DMA interrupt or pulse generation. By setting 
Bit 3 and Bit 4, related registers #3 and #4 can be accessed, 
o Bit 0 (Interrupt on match) 

When Bit 0 is set at "1”, DMA generates interrupt if transferred data 

matches the match byte in the search or transfer/search operation, 

o Bit 1 (Interrupt on end of block) 

When Bit 1 is set at "1", DMA generates interrupt if a value of the 
byte counter becomes ’*0” in DMA operation, 
o Bit 2 (Pulse generation) 

When Bit 2 is set at **1”, pulse is generated on the INT line whenever 
data in number of bytes set on the pulse control byte is transferred. 
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o Bit 3, 4 (Pointer bits) 

When Bit 3 is set at "1", pulse control byte is accessed after 
interrupt control byte. 

When Bit 4 is set at "1", the interrupt vector is accessed, 
o Bit 5 (Vector value change by status) 

When this bit is set at ”1", interrupt vector value changes according 
to cause for generating interrupt. However, if the automatic restart 
or interrupt at the end of block was already set, this mode cannot be 
used. 

o Bit 6 (Interrupt on RDY) 

When this bit is set at "1", DMA generates interrupt prior to the bus 
request if it detects that RDY signal has become active. Therefore, 
the interrupt enable command becomes necessary and when RETI command 
is executed after the interrupt enable of WR6 (B7H) is sent out, the 
bus request is started. 

(e) Related register #3 (Pulse control byte) 

When Bit 3 of the interrupt control byte is set at "I”, the pulse 
control byte is accessed after the interrupt control byte. The pulse 
control byte gives offset values to pulse that are first generated 
(Number of bytes shown by this control byte). The pulse control byte 
compares low order 8 bits of the by te counter and if both coincide each 
other, pulses are output on the INT line. 

(f) Related register #4 (Interrupt vector) 

When Bit 4 of the interrupt control byte is set at "1", the interrupt 
vector is accessed after the interrupt control byte. The interrupt 
vector is loaded on the data bus at time of the interrupt acknowledge 
by MPU (lORQ = "0", Ml = *'0”) . If Bit 5 of the interrupt control byte 
is set at ’*1", Bit 1 and Bit 2 of the interrupt vector change according 
to the interrupt factor. However, when the automatic restart and 
interrupt on the end of block has been already programmed, the 
interrupt vector sent out at the end of block does not change and 
therefore, the mode for vector value change by status cannot be used. 


- 142 - 





INTEGRATED CIRCUIT 


TOSHIBA 

TMPZ84C10AP/TMPZ84C1OAP-6 

TECHNICAL DATA 

TMPZ84C10AF/TMPZ84C1 OAF-6 



D7 

D6 

D5 

D4 D3 

D2 D1 DO 

Basic register 

1 1 

1 


1 

1 

1 1 

1 1 

1 loll 

1 i 1 

Designation of 


1 

1 

1 

1 

1 1 

1 1 

1 

1 

data transfer mode 


1 

1 

1 1 

1 

Byte mode 


0 

0 

1 1 

1 

Continuous 

mode 

0 

1 

1 1 

1 

Burst mode 


1 

0 

1 1 

1 

Don't use 


1 

1 

1 1 

1 1 

1 1 

1 

1 

V 


Related register #0 

Related register #1 

Related register #2 


Interrupt on RDY : 1 
Vector value change 
by status 


I I I 


: 1 


Port B Start address 
(Low order 8 bits) 


Port B Start address 
(High order 8 bits) 


Interrupt control 
byte 


I I 

I 1 : Interrupt on match 

I 

1 : Interrupt on end 
of clock 
1 : Pulse generation 


Related register #3 

Related register 


IIIIiiiI I Pulse control byte 

I I I I I I I I i 


I I I I I I I I Interruption vector 

I I I I I I I I 


I I 

0 0 Interrupt on RDY 

0 1 Interrupt on match 

1 0 Interrupt on end of block 

1 1 Interrupt on match and 

end of block 


Fig. 3.39 Write Register WR4 


(6) Write register WR5 

WR5 is identified by the condition that Bit 1 and 7 of the basic register 
are *'l" and Bit 0, 2 and 6 are ”0”. WR5 has no related register, 
o Bit 3 (Effective polarity of RDY signal) 

When this bit is set at '*0”, RDY signal becomes "0" and active, and 
when it is set at *’l", RDY signal becomes "1” and active. 
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o Bit 4 (Use of CE/WAIT pin) 

When this bit is set at "0", CE function only is available. When it is 
set at ”1", both CE and WAIT functions become available. When BUSREQ 
signal is at "1", CE function is available, while if BUSREQ signal is 
at "O'* level, WAIT function is available, 
o Bit 5 (Automatic register) 

When this bit is set at "0" level, DMA operation is stopped at time of 
the end of block (Byte counter = "Zero"). When it is at "1" level, the 
contents of the address register and byte counter are automatically 
loaded on the address counter and byte counter, and DMA operation is 
continued. 


Basic register 


D7 D6 D5 

D4 

D3 D2 D1 DO 

1 I 0 I 

1 1 

1 

1 

1 i 0 1 1 1 0 I 

1 1 1 1 1 

1 

1 

1 

1 

1 

1 Effective polarity of RDY 

1 

1 

0 Active at "0" level 

1 

1 

1 

1 

1 Active at "1" level 

1 

1 

1 

1 

Use of CE/WAIT_ 

1 

0 

Uses only as CE function 

1 

1 

1 

1 

Multiplex CE/WAIT 

1 

1 

1 

Designation of automatic restart 


Ends at time of the end of clock 
Automatic restart 


Fig. 3.40 Write Register WR5 


(7) Write register WR6 

WR6 is idnetified by the condition that Bit 0, 1 and 7 of the basic 
register are at "1" level. In the case of WR6, the functions (commands) 
are divided by the combination of Bits 2 to 6. 

(a) Reset (C3H) 

This command is used to reset DMA. By executing this command, DMA 

performs the followings; 

o Disables the interrupt control circuit and bus request control 
circuit. 

o Releases the interrupt latch, 
o Releases the forced RDY condition, 
o Releases the automatic restart condition. 

o Releases CE/WAIT function (Bit 4 WR5) and retians CE function only, 
o Returns the timings of both Port A and B to the Z80 standard timing. 

After turning power to DMA ON, and performing the programming, it is 
necessary to execute the reset command once. In addition, if the DMA 
operation is interrupted during its execution, it is necessary to 
execute the reset command 6 times successively (this is because there 
are 5 related registers that are capable of directing in WR4). 
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Further, DMA is not always reset completely by this reset command. The 
read sequence is reset only by the read sequence reset command. 

(b) Port A timing reset (C7H) 

This command resets Port A variable timing byte and returns Port A 

timing to the Z80 standard timing. 

(c) Port B timing reset (CBH) 

This command resets Port B variable timing byte and returns Port B 

timing to the Z80 standard timing. 

(d) Load (CFH) 

When this command is excuted, the content of the address register is 
loaded on the address counter and the byte counter is cleared. In 
addition, the internal forced RDY condition is also released. 

Further, an address counter to which the loading can be made 
immedaitely is the source port address counter only. The loading to 
the destination port address counter is made when a value of this 
counter is initially updated (incremented/decremented) but if "address 
if fixed", the loading is not performed. However, the loading by the 
"fixed address destination port programming" technique is possible. 

If DMA becomes non-active when the load command is written, another DMA 
control byte is written before the load command. 

(e) Continue (D3H) 

Although this command clears the byte counter to "zero", both port 
address counters do not change. This command is used in transferring 
several data blocks to continued positions in the many buffer if it is 
desirable to know a break of every block, and continues DMA operation 
which has been interrupted by detection of match at the end of block or 
search. In order to execute this command, interrupt at the end of each 
blocks is needed and new block length shall be entered in WRO with the 
continue command. 

In transferring data blocks, interrupt becomes necessary whenever 
transfer of each data block ended. In transferring next data block 
after the interrupt, this continuity command is used instead of the 
load command. 
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D7 D6 D5 D4 D3 D2 D1 DO 
Basic register |~1 | \ i \ i I 0 I 0 i 


I 

1 

1 

1 

1 

1 

1 

1 

Hexadecimal command name 

1 

0 

0 

0 

0 

C3 

Reset 

1 

0 

0 

0 

1 

C7 

Port A timing reset 

1 

0 

0 

1 

0 

CB 

Port B timing reset 

1 

0 

0 

1 

1 

CF 

Load 

1 

0 

1 

0 

0 

D3 

Continue 

0 

1 

0 

1 

1 

AF 

Interrupt disable 

0 

1 

0 

1 

0 

AB 

Interrupt enable 

0 

1 

0 

0 

0 

A3 

Interrupt reset/disable 

0 

1 

1 

0 

1 

B7 

Post RETI enable 

0 

1 

1 

1 

1 

BF 

Read status byte 

0 

0 

0 

1 

0 

8B 

Status byte initialize 

0 

1 

0 

0 

1 

A7 

Read sequence start 

0 

1 

1 

0 

0 

B3 

Forced RDY condtion 

0 

0 

0 

0 

1 

87 

DMA enable 

0 

0 

0 

0 

0 

83 

DMA disable 

0 

1 

1 

1 

0 

BB 

Contiue readout mask 


Status byte 

Byte counter 
(low order 8 bits) 

Byte counter 
(high order 8 bits) 
Port A address counter 
(low order 8 bits) 

Port A address counter 
(high order 8 bits) 
Port B address counter 
(low order 8 bits) 

Port B address counter 
(high order 8 bits) 


Readout mask |_| 0 | | | | | | | | 

l=Enble I I I I I I I I I 


Fig. 3.41 Write Register WR6 


(f) Interrupts disable (AFH) 

This command is used to simulate the Z80 MPU's interrupt acknowledge 
when DMA is operated in a system other than the Z80 MPU. When DMA 
sends the interrupt signal into any MPU other than the Z80 MPU, if the 
interrupt disable command is written into the beginning of the service 
routine, INT signal returns to "1" level but next interrut signal of 
DMA cannot be sent during the service routine is continuously carried 
out. Generation of next interrupt signal becomes possible when the 
interrupt enable command is written into the end of the service 
routine. 
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(g) Interrupts enable (ABH) 

This is a command used on the Z80 system to enable the interrupt when 
the power source is ON. This command enables the interrupt control 
circuit of DMA. When the interrupt disable command is not used, if the 
interrupt enable command is once written, next interrupt is enabled 
automatically when RETI command is executed at the final stage of the 
interrupt service routine. However, if the interrupt disable command 
is used, it becomes necessary to write the interrupt enable command at 
the final stage of the interrupt service routine. 

(h) Interrupt reset and disable (A3H) 

This command is used on such systems as 8080 and 8085 to interface DMA 
and MPU which is povided with the interrupt acknowledge function but 
has no RETI command. This command, when executed, performs the 
followings: 

o Reset of the in-interrupt service routine (lUS) latch 
o Reset of the interrupt pending (IP) latch 
o Release of the internal forced RDY signal conditions 

o Succeeding interrupt disable by DMA (same as the interrupt disable 
command) 

(i) Enable after RTEI (B7H) 

This command is used only when "interrupt on RDY signal" is programmed 
on WR4. DMA, when detecting that RDY signal becomes active, does not 
make the bus request but generates the interrupt signal. After the 
interrupt return, this command enables DMA to make the bus request 
again. This command is always used to make the bus request after the 
interrupt to RDY signal on the Z80 MPU system. This command also can 
be used on other MPU’s, for instance, 8080. 

The interrupt latch (lOR) to RDY signal is set during its interrupt 
cycle. This latch makes RDY signal active and DMA is not allowed to 
make the bus request until this latch is reset by post-RETI enable 
command. 

The execution sequence of the Z80 MPU service routine is as follows and 
the bus request is mode after RETI command is executed: 


Post RETI Enable 
DMA Enable 


RETI Command 

(j) Read status byte (BFH) 

This command indicates that next read command is the status byte 
access. 

(k) Status command initialization (80H) 

This command indicates the reinitialization of bit 4 and 5 of the 
status byte. 
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The reinitialization of the interrupt pending status (Bit 3) of the 
status byte can be effected by the interrupt acknoweledge, interrupt 
process, interrupt reset and disable command writing. The 

reinitialization of DMA operation status (Bit 0) can be efected by the 
load command. 

(l) Read mask continue (BBH) 

This command denotes that next control byte which is to be written into 
DMA follows the read mask register. The read mask register is used for 
setting a new read sequence of RRO to RR6 and is normally a part of the 
initial state setting when the power source for DMA is turned ON. 

The read mask can be programmed by setting the related pointer bit of 
register to be read out *'l^’ level. The read sequence start command is 
used for initialization. 

(m) Read sequence initiote (A7H) 

This command is used to initiate the read sequence pointer command as a 
measures to access the first (in low order) read register that is 
designated to be readable by the read mask for initialization of DMA by 
next MPU read command. Normally, this command is output to reset the 
read sequence immediately after loading of the read mask. 

(n) Forced RDY (B3H) 

In the burst mode or continuous mode, this command is used to make the 
internal RDY conditions active for the active RDY signal by an external 
logic circuit. This command is used for memory-to-memory transfer or 
memory search where RDY signal is not required. It is not necessary to 
consider the effective polarity of RDY signal. Use of this command can 
eliminate an external logic circuit. 

The forced RDY conditions are released by the following commands/ 
conditions: 
o Reset command 
o Load command 

o Interrupt reset and disable command 
o Ending by end-of“block 
o Ending by byte match 
o Bus release by DMA 

(o) DMA enable (87H) 

This command is used to enable the bus control circuit of DMA. The 
interrupt circuit is not affected nor the function and latch are reset. 
This bus request enable function is identical to that of Bit 6 of WR3. 
In the interrupt service routine, DMA enable command is the last 
command to DMA before MPU executes RETI command. 

(p) DMA disable (83H) 

This command inhibits the bus request by DMA. This command is used to 
stop DMA operation by external events, end-of-block or match by bytes 
and when reinitialization of the status byte is required. 
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3.4.2 Status register group 

There are 7 read registers RRO to RR6 available for DMA to know the 
operation execution or end status. 

The readout of MPU is made according to the method to access DMA as the 
peripheral I/O using I/O command. Commands to be written into DMA are as 
follows: 

1] Read status byte (BFH) 

2] Read sequence initiate (A7H) 

3] Status byte rinitialize (8BH) 

4] Read mask continue (BBH) 

The above commands are those which are shown for WR6. 

(1) Read register RRO - Status byte 

(a) Bit 0 (DMA operation) 

This bit indicates if DMA made the bus request . after the last LOAD 
command. "1” indicates that DMA made the bus request while *’0" 
indicates no bus request made. 

(b) Bit 1 (RDY signal active) 

"0" of this bit indicates that RDY signal is active. "1" indicates RDY 
signal being non-active. 

(c) Bit 2 (Don’t care) 

(d) Bit 3 (Interrupt pending) 

This bit indicates the interrupt pending (IP) latch status. "0” 
indicates the interrupt pending. 

(e) Bit 4 (Match detection) 

When this bit is "0", it indicates the match after the last status byte 
reset or reinitialization command. 

(f) Bit 5 (End-of-block detection) 

When this bit is "0", it indicates the end-of“block reached after the 
last status byte reset, load, continuity or reinitialization. 

(g) Bit 6, 7 (Don’t care) 

(2) Read register RRl, RR2 - Byte counter 

The 16-bit counter consisting of two register RRl and RR2 are cleared to 
zero by the load, continuity or reset command. Wlien DMA starts the 
transfer or search, the byte counter is incremented by one at the end of 
each read cycle and judges the end-of-block by comparing with the program 
content of the block length register (WRO), when match is detected, DMA 
operation is stopped. If the pulse generation is used at this time, the 
content of the WR4 pulse control byte is, after transferred, compared 
with low order4 byte (RRl) of the byte counter. 
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D7 D6 D5 D4 D3 D2 

D1 DO 

PRO I * I * i I I I * i 

I I I I I I I 

1 1 Status byte 

1 1 

i i ^ 

(*: Don't care) I I I 

1 r 

1 1 : DMA operation is made. 

III 0 

: RDY signal active 


1 I 0 : Interrupt pending 
I 0 : Match detection 
0 : End-of-block 


RRl 


RR2 


RR3 


RR4 


RR5 


RR6 


Byte counter 
(low order 8 bits) 


Byte counter 
(high order 8 bits) 


Port A Address counter 
(low order 8 bits) 


Port A Address counter 
(high order 8 bits) 


Port B Address counter 
(low order 8 bits) 


Port B Address counter 
(high order 8 bits) 


Fig. 3.42 Read Register 

(3) Read register RR3, RR4 - Port A address counter 

Write into the 16~bit counter consisting of two read registers RR3 and 

Rr4 is made from WRO port A start address register by the load command. 
Whenever one byte of DMA operation is carried out according to the 

designated content of WRO, this counter is updated (incremented or 
decremented) by one. 

(4) Read register RR5, RR6 - Port B address counter 

The 16~bit counter consisting of two read registers RR5 and RR6 indicates 
Port B address when operation ended. Values in the port B address 

register (WR4) are loaded into this counter by the load command and the 
coutner is updated by one every time when DMA operation is carried out by 
one byte. However, if address fix (Bit 4 and 5 of WR2) is programmed, 
the counter does not change. If Port A or Port B is a fixed address 

destination port, in order to properly function the port it is necessary 
to program as described for the fixed address destination port. 

3.4.3 Address counter and byte counter values when DMA operation ended. 
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Values of these counters when DMA operation ended are shown in Table 3.4 
(a) and Table 3.4 (b). 

Tabbe 3.4(a) Values of those counters when DMA operation ended 


1 Data 

1 format 

1 

1 

1 

1 

1 

Data 
tans fer 
mode 

lvalue of 1 

1 block 1 

1 length 1 

1 register| 

1 1 

Number 1 
of byte 1 
to be 1 
trans- | 
ferred I 

1 

Value 1 
of byte 1 
counter| 

1 

Address | 

counter value I 
of source 1 
port 1 

1 

Address I 

counter value 1 
of destina- 1 
tion port I 


1 

1 

Byte 

1 N 1 

1 1 

N 


1 1 

1 


N 1 

1 

As 

+ 

(N + 

1) 1 

1 

As 

+ (N) 1 

1 Transfer I 

1 1 

Burst 

1 N 1 

1 1 

N 

+ 

1 1 

1 


N 1 

1 

As 

+ 

(N + 

1)1 

1 

As 

+ (N) 1 


1 

1 

Conti¬ 

nuity 

1 N 1 

1 1 

N 

+ 

1 1 

1 


N 1 

1 

As 


(N + 

1)1 

1 

As 

+ (N) 1 


1 

1 

Byte 

1 N 1 

1 i 

N 

+ 

1 1 

1 


N 1 

1 

As 

+ 

(N + 

1)1 

1 




1 

1 

Burst 

1 1 

1 M 1 

N 

+ 

1 1 

1 


N 1 

1 

As 

+ 

(N + 

1)1 

1 



1 Search 

1 

1 


1 r 

1 1 

N 

+ 

2*1 

1 

N 

+ 1*1 

1 

As 


(N + 

2)*| 

1 




1 

1 

Conti¬ 

1 1 

1 N 1 

N 

+ 

1 1 

1 


N 1 

1 

As 

- 1 - 

(N + 

1)1 

1 




1 

1 

nuity 

1 1 

N 

+ 

2*1 

1 

T 

+ 1*1 

1 

As 

- f - 

(N + 

2)*| 

1 


- 


AS: Start address *: The values when N+1 byte data is transferred and RDY 
signal is active using 2-cycle variable timing. 


Table 3.4(b) Values of those counters when DMA operation ended 


1 Data 

1 format 

1 

1 

1 

i 

1 

Data 
tansfer 
mode 

1 

1 

1 

1 

1 

Byte no. 

to be 
detected 

1 Number I 

1 of bytel 

1 to be 1 

1 trans- | 

1 ferred | 

1 

Value 1 
of byte 1 
counter | 

1 

Address 
counter value 
of source 
port 

1 

1 

1 

1 

1 

Address I 

counter value 1 
of destina- 1 
tion port 1 


1 

1 

Byte 

1 

1 

M 

1 M 1 

M - 1 1 

1 

As + (M) 

1 

1 

As + (W-1) 1 

1 Transfer 

1 

Burst 

1 

1 

M 

1 M 1 

M - 1 1 

1 

As + (M) 

1 

1 

As + (W-1) 1 


1 

Conti¬ 

nuity 

1 

1 

M 

1 M 1 

M - 1 1 

1 

As + (M) 

T 

1 

As + (W-1) 1 


T 

1 . 

Byte 

1 

1 

M 

1 M 1 

M - 1 1 

1 

As + (M) 

T 

1 

- 


1 

Burst 

1 

1 

M 

1 M + 1 1 

M 1 

1 

As + (M + 1) 

T 

1 

- 

1 Search 

1 

1 


1 

1 


1 M* 1 

M - l*i 

1 

As + (M)* 

1 

1 



r 

1 

Conti¬ 

1 

1 

M 

1 M + 1 1 

M 1 

1 

As + (M + 1) 

T 

1 



1 

1 

nuity 

1 

1 


1 M* 1 

1 1 

M - 1*1 

1 

As + (M)* 

T 

1 

- 


AS: Start address *: The values when match is detected and RDY signal 

is active. 


— 151 — 

























INTEGRATED CIRCUIT 


TOSHIBA 

TMPZ84C10AP/TMPZ84C1OAP-6 

TECHNICAL DATA 

TMPZ84C10AF/TMPZ84C1 OAF-6 


3.4.4 List of command 
Basic register 


Related register #0 

Related register #1 

Related register #2 

Related register #3 


D7 

D6 D5 

D4 

D3 

D2 

D1 

DO 


0 

1 1 

1 1 

1 

1 

1 

1 

1 

1 


1 

1 



1 1 

1 1 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Data transfer mod 


1 1 

1 

1 

1 

0 

0 

Don’t use 


1 1 

1 

1 

1 

0 

1 

Transfer 


1 1 

1 

1 

1 

1 

0 

Search 


1 1 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

Transfer/search 


1 1 

1 1 

1 

1 

1 

1 

1 

Data transfer direction 


i 1 

1 

1 

0 

Port B 

-> Port A 


1 1 

1 1 

1 

1 

1 

1 

1 

Port A 

-> Port B 


1 1 

1 1 

1 

1 

1 

V 






I Port A Start address 
I I I (Low order 8 bits) 


I 1 I 


Port A Start address 
I (high order 8 bits) 


I I I Block length 

I I I (low order 8 bits) 


I Block length 
I (high order 8 bits) 


Fig. 3.35 Write Register WRO 
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D7 D6 D5 D4 D3 D2 D1 DO 
Basic register I^O I 1 \ \ | 1 i 6 I 0~| 


I 

I 

I 

I 

1 

1 

1 

1 Designation 

of Port 

I 

I 

1 

0 Port A - 

Memory 

I 

I 

I 

I 

1 

1 

1 Port A “ 

I/O 

I 

I 

I 

I 

1 

1 

Port A address 

update 

I 

0 

0 

Decrement 


I 

0 

1 

Increment 


I 

1 

0 

L 


I 

1 

1 

1 Address fix 


I 






Related register #0 | | | 0 | 0 | | I | 1 Port A variable 

I I I I I I I I I timing byte 
II I I I I 

II I I I I Cycle length 

II 1 I 0 0 4 clock 

I I _I I 0 1 3 clock 

III I 1 0 2 clock 

|..0..|no«'|«'o" |"0'’ 1 1 Don't use 


WR RD MREQ lORQ Early end 
Fig. 3.36 Write Register WRl 


153 - 








TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C10AP/TMPZ84C1OAP-6 
TMPZ84C10AF/TMPZ84C10AF-6 



D7 

D6 

D5 

D4 

D3 

D2 D1 DO 


Basic register 

I 0 

I_ 

I 

I 

I 

I 



1 0 1 0 1 0 1 

1 1 1 




I 

I 

I 

I 

1 

1 

i 

1 

Designation of Port B 



I 

I 

1 

0 

Port B - 

Memory 



I 

I 

I 

I 

1 

1 

1 

Port B “ 

I/O 



I 

I 

I 

I 

1 

1 

Port B address 

update 



I 

0 

0 


Decrement 




I 

0 

1 


Increment 




I 

1 

0 “ 

1 





I 

I 

1 

1 

_i 

Address fix 




I 

V 






Related register #0 

I 

I I 

0 1 

0 


1 1 i 

Port B variable 


I 

~r 

I I 

I 

i 


1 

till 

1 1 1 

timing byte 


I 

I 

I 

I 



1 

1 

1 1 1 

1 1 i 

Cycle length 


I 

I 



1 

1 0 0 

4 clock 


I 

I 




1 0 1 

3 clock 


i 

I 

1“ 



1 1 0 

2 clock 


I" 

I 

I 

0" i "0 
I 

I 

|"|"0 

1 

1 

M 

I"0" 

1 

1 1 

Don't use 


I 

WR 

I 

RD 

1 

MREQ 

1 

lORQ 

Early end 



Fig. 

3.37 

Write 

Register WR2 



D7 D6 D5 

D4 

D3 D2 

D1 DO 


Basic register ill 1 

1 1 1 


i 1 

1 i 

1 0 1 0 1 

1 1 1 


i 1 

1 1 

DMA Enable : 1 I 

1 

1 

i 

1 

1 

1 1 

1 1 

1 1 

1 

: Stop by 

coincidence 

1 

Interruption enable : 1 

1 

1 

1 

1 

1 

1 

1 

V 



Related register #0 1 | | 

(mask byte) 1 | I 

1 

1 

1 1 

1 1 

1 1 1 

1 1 1 

0 : Comparison 


“T 

V 




Related register #1 I | I 

(match byte) 1 | | 

1 

1 

1 1 

1 1 

1 1 1 

1 1 1 



Fig. 3.38 Write Register WR3 
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D7 D6 

D5 

D4 

D3 

D2 D1 DO 

Basic register 

1 

1 . 

n 

1 

1 

1 

T 

1 


1 

1 

1 1 0 1 1 1 

1 1 1 1 

Designation of 


1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

data transfer mode 


1 

1 


1 

1 

1 

Byte mode 


0 

0 


1 

1 

1 

Continuous 

mode 0 

1 


1 

1 

1 

Burst mode 


1 

0 


1 

1 

1 

Don’t use 


1 

1 


1 

1 

1 

1 

1 

1 






1 

1 

V 

Related register #0 

1 

1 

1 

1 


1 

1 1 1 1 Port B Start address 


1 . 

1 

1 

1 

T 

1 

—T 

1 1 1 1 (Low order 8 bits) 






1 

1 

V 


Related register #1 

1 

1 

1 

1 


1 

1 1 1 1 Port B Start address 


1 . 

1 

1 

1 

~T~ 

1 

1 1 1 1 (High order 8 bits) 






( 

V 



Related register #2 

1 

0 1 

1 

T 


1 

1 1 1 1 Interruption control 


1 . 

1 

1 

1 

1 

1 

T 

1 

1 

1 1 1 1 byte 

1 1 1 

Interrupt on RDY : 1 


1 

1 

I 


1 

1 

1 

1 

1 1 1 

1 1 1 : Interrupt on match 

Vector value change 




1 

1 

1 1 

by status 


: 1 


1 

1 

1 1 : Interrupt on end of 






1 

1 

I clock 






1 

1 

1 

1 

1 : Pulse generation 






j_ 

V 



Related register #3 

Related register #4 


I I I 

i I I I 


I_I I 


Pulse control byte 


I I I I I I I I I Interrupt vector 

I I I I I I I I I 


0 0 Interrupt on RDY 

0 1 Interrupt on match 

1 0 Interrupt on end of block 

1 1 Interrupt on match and 

end of block 


Fig. 3.39 Write Register WR4 
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D7 D6 D5 D4 D3 D2 D1 DO 
Basic register 1*^1 I I I I I 0 | I I 0^I 



1 

1 

1 

1 

i 

II 

1 1 Effective polarity of RDY signal 

1 0 Active at "0" level 

1 1 Active at "1” level 

1 


1 

1 

1 

1 

1 

1 

1 Use of CE/WAi;^ 

0 Uses only as CE function 

1 Multiplex CE/WAIT 


1 

1 

0 

1 

Designation of automatic restart 

Ends at time of the end of clock 
Automatic restart 

Fig. 3.40 

Write Register WR5 

D7 D6 D5 D4 D3 

D2 

D1 DO 

* 1 * 1 i- i 

1 1 1 1 1 

* 

1 1 Status byte 

1 1 


1 1 

't care) I 1 

III 

1 1 1 : DMA operation is made 

1 1 

1 0 : RDY signal active 

1 1 

0 : Interrupt pending 

1 0 ; 

Match detection 


0 : End-of-block 


RRl 


RR2 


RR3 


RR4 


RR5 


RR6 


Byte counter 
(low order 8 bits) 


Byte counter 
(high order 8 bits) 


Port A Address counter 
(low order 8 bits) 


Port A Address counter 
(high order 8 bits) 


Port B Address counter 
(low order 8 bits) 


Port B Address counter 
(high order 8 bits) 


Fig. 3.42 Read Register 
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D7 D6 D5 DA D3 D2 D1 DO 
Basic register 1~1 1 \ \ i \ \ 0 | 0 | 

I I I I I I I 1 I 1 I 


I 

I 

1 

1 

1 

1 

1 

1 

T~ 

1 

Hexadecimal command name 

1 

0 

0 

0 

0 

C3 

Reset 

1 

0 

0 

0 

1 

C7 

Port A timing reset 

1 

0 

0 

1 

0 

CB 

Port B timing reset 

1 

0 

0 

1 

1 

CF 

Load 

1 

0 

1 

0 

0 

D3 

Continue 

0 

1 

0 

1 

1 

AF 

Interrupt disable 

0 

1 

0 

1 

0 

AB 

Interrupt enable 

0 

1 

0 

0 

0 

A3 

Interrupt reset/disable 

0 

1 

1 

0 

1 

B7 

Enable after RETI 

0 

1 

1 

1 

1 

BF 

Read status byte 

0 

0 

0 

1 

0 

8B 

Status byte initialize 

0 

1 

0 

0 

1 

A7 

Read sequence start 

0 

1 

1 

0 

0 

B3 

Forced RDY condition 

0 

0 

0 

0 

1 

87 

DMA enable 

0 

0 

0 

0 

0 

83 

DMA disable 

0 

1 

1 

1 

0 

BB 

Continue readout mask 


Readout mask |_| 0 | 

l=Enble I I 


I I _ Status byte 

I 

I _ Byte counter 

(low order 8 bits) 

_ Byte counter 

(high order 8 bits) 

_ Port A address counter 

(low order 8 bits) 

__ Port A address counter 

(high order 8 bits) 

_ Port B address counter 

(low order 8 bits) 

_ Port B address counter 

(high order 8 bits) 


Fig. 3.41 Write Register WR6 
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3.5 Method of use 

(1) Example of interface 

As the method of use of DMA using the Z80 family, a simple example of the 
Z80 system interface is shown below. Fig. 3.43 shows the connection 
employing the Z80MPU, Z80DMA, Z80PIO, and MEMORY. 



Fig. 3.43 Example of Z80 System Interface 
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On the Z80 system, signal lines of MPU and peripheral devices are 
conneced almost directly. In Fig. 3.43, priority is in the order of DMA 
and PIO. This is becuase the connection is made according to the daisy 
chanin method which is peculiar to the Z80 system. In the case of DMA, 
especially, in order to operate as a bus controller, BUSACK signal, which 
is the output of MPU, is input to BAI of DMA by the bus request daisy 
chain. When several units of DMA are used, BAO is connect to BAI of DMA 
which has the next higher priority. Hardware can be easily connected as 
shown in Fig. 3.43. In addition, memory mapped I/O also can be connected 
to DMA. 

(2) Program example 

As a program exmaple of DMA operation, an example of transfer from I/O to 
memory using PIO is shown. 

.Z80 

; Z80 DMA DATA TRANSFER 

; I/O TO MEMORY 

; (PIO PORT B) 


0020 


DPIOB EQU 

20H 

DATA PIO CHANNEL B 

0021 


DPIOB EQU + 

)DPIOB+l 

CONTROL PIO CHANNEL B 

0030 


DMA EQU 

30H 

DMA ADDRESS 

2000 


DSTN EQU 

2000H 

DESTINATION 

0100 


LENGTH EQU 

256 

BLOCK LENGTH 



ORG 

lOOOH 


1000' 

F3 

STRT: DI 



loor 

3E 10 

LD 

A, 10 


1003' 

ED 47 

LD 

1 ,A 


1005' 

ED 5E 

IM 

2 

INTERRUPT MODE 2 



; PIO B INITIALIZATION 


1007' 

3E 4F 

LD 

A,4FH 

MODE 1 

1009' 

D3 21 

OUT 

(CPIOB),A 


lOOB' 

3E 07 

LD 

A,07H 


lOOD' 

D3 21 

OUT 

(CPIOB) ,A 




; DMA RESET 



lOOF' 

3E C3 

LD 

A,0C3H 


loir 

06 06 

LD 

B,06H 


1013' 

D3 30 

DMRT: OUT 

(DMA) ,A 


1015' 

10 FC 

DJNZ 

DMRT 




; DMA INITIALIZATION 


1017' 

06 12 

LD 

B,DMAFIN~DMACTA 


1019' 

OE 30 

LD 

B,DMA 


lOlB' 

21 104E' 

LD 

HL,DMACTA 


lOlE' 

ED B3 

OTIR 



1020' 

FB 

El 



1021' 

C9 

RET 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C10AP/TMPZ84C1OAP-6 
TMPZ84C10AF/TMPZ84C1 OAF-6 






INTERRUPT 

ON READY 



1022' 

76 


lOR: 

HALT 








INTERRUPT 

ON MATCH 



1023' 

76 


lOM: 

HALT 








INTERRUPT 

ON END OF 

BLOCK 


1024' 

CD 

1037' 

lOE: 

CALL 

SAV 



1027' 

3E 

8B 


LD 

A,8BH 



1029' 

32 

0030 


LD 

(DMA),A 



102C' 

06 

04 


LD 

B,DMAFIN- 

DMACTB 


102E' 

OE 

30 


LD 

C,DMA 



1030' 

21 

105C' 


LD 

HL,DMACTB 


1033' 

ED 

B3 


OTIR 




1035' 

C9 



RET 







9 

INTERRUPT 

ON MATCH, 

END OF 

BLOCK 

1036' 

76 


IME: 

HALT 








REGISTER SAVE 



1037' 

E3 


SAV: 

EX 

(SP) ,HL 



1038' 

D5 



PUSH 

DE 



1039' 

C5 



PUSH 

BC 



103A' 

F5 



PUSH 

AF 



103B' 

DD 

E5 


PUSH 

IX 



103D' 

FD 

E5 


PUSH 

lY 



103F' 

CD 

104D' 


CALL 

RUN 



1042' 

FD 

El 


POP 

lY 



1044' 

DD 

El 


POP 

IX 



1046' 

FI 



POP 

AF 



1047' 

Cl 



POP 

BC 



1048' 

D1 



POP 

DE 



1049' 

El 



POP 

HL 



104A' 

FB 



El 




104B' 

ED 

4D 


RETI 




104D' 

E9 


RUN: 

JP 

(HL) 






9 

9 

DMA COMMAND TABLE 






9 

PORT A - 

MEMORY 






9 

PORT B - 

PIO CHANNEL B 


104E' 



DMACTA EQU 

$ 



104E' 

C3 



DEFB 

0C3H 

:WR6 

RESET COMMNAD 

104F' 

7D 



DEFB 

7DH 

:WR0 

PORT A TO PORT B(TEMP) 

1050' 

2000 


DEFW 

DSTN 


DESTINATION ADDRESS 

1052' 

OOFF 


DEFW 

LNGTH-1 


BLOCK LENGTH 

1054' 

14 



DEFB 

14H 

:WR1 

PORT A - "INCREMENT" 








ADDRESS 

1055' 

28 



DEFB 

28H 

:WR2 

PORT B - "FIXED" 








ADDRESS 
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INTEGRATED CIRCUIT 


TOSHIBA 

TIIIIPZ84C10AP/TMPZ84G1OAP-6 

TECHNICAL DATA 

TMPZ84C10AF/TMPZ84C1 OAF-8 


1056' 

AO 


1057' 

95 


1058' 

20 


1059' 

32 


105A' 

FF 


105B' 

82 


105C' 


DMACTB 

105C' 

CF 


105D' 

01 


105E' 

CF 


105F' 

87 


1060' 


DMAFIN 

9 

lOFF' 

1022' 

INTV: 

nor 

1023' 


1103' 

1024’ 


1105' 

1036' 



DEFB 

OAOH 

:WR3 

DEFB 

95H 

:WR4 

DEFB 

DPIOB 


DEFB 

32H 


DEFB 

INTV-STRT 

rlNTV 

DEFB 

82H 

:WR5 

EQU 

$ 


DEFB 

OCFH 

:WR6 

DEFB 

OlH 

:WRO 

DEFB 

OCFH 

•.WR6 

DEFB 

87H 

:WR6 

EQU 

$ 


ORG 

STRT+OFFH 


DEFW 

lOR 


DEFW 

lOM 


DEFW 

lOE 


DEFW 

END 

IME 



ENABLE INTERRUPT 
BYTE MODE TRANSFER 
PORT B ADDRESS(L) 
lOE,STATUS AFFECTS 
VECTOR 

INTERRUPT VECTOR 
RDY ACTIVE *’LOW",CE/ 
ONLY 

LOAD ADDRESS TO PORT A 
PORT B TO PORT A 
LOAD ADDRESS TO PORT B 
ENABLE DMA 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C10AP/TMPZ84C1OAP-6 
TMPZ84C10AF/TMPZ84C10AF-6 


4. ELECTRICAL CHARACTERISTICS 
4.1 ABSOLUTE MAXIMUM RATINGS 


Symbol 


Item 


Rating 


Unit 


VCC 


Supply Voltage 


-0.5 to +7 


VIN 


Input Voltage 


-0.5 to Vcc + 0.5 


PD 


Power Dissipation (TA=85*C) 


250 


mW 


TSOLDER 


Soldering Temperature (10 sec) 


260 


Tstg 


Storage Temperature 


-65 to 150 


Topr I Operating Temperature 


-40 to 85 


4.2 DC ELECTRICAL CHARACTERISTICS 

TA = -40‘C to 85*C, VCC = 5V + 10%, VSS = OV 



SYMBOL 

1 PARAMETER 

TEST CONDITION 

MIN. 

ITYP. 

MAX. 

lUNIT 



VILC 

1 Low Clock Input 

1 Voltage 


-0.3 

1 — 

0.6 

T 

1 

V 



VIHC 

i High Clock Input 

1 Voltage 


VCC-0.6 

1 - 

VCC+0.3 

1 

1 

V 



VIL 

1 Low Input Voltage 

1 (Except CLK) 


-0.5 

1 ~ 

0.8 

1 

1 

V 



VIH 

I High Input Voltage 

1 (Except CLK) 


2.2 

1 - 

VCC 

1 

1 

V 



VOL 

1 Output Low Voltage 

lOL = 2.0mA 
BUSREQ only 
3.2mA 



0.4 

1 

1 

1 

V 



VOHl 

1 Output High Voltage 

1 (I) 

lOH = -1.6mA 

2.4 

1 — 

- 

1 

1 

V 



VOH2 

1 Output High Voltage 

1 (II) 

lOH = -250uA 

VCC-0.8 

1 - 

1 

1 

1 

V 



ILI 

1 Input Leak Current 

VSS< VIN< VCC 

— 

1 — 

1 +10 

T 

1 

uA 



ILO 

1 Output Leak Current 

VSS + 0.4< VIN 
<VCC 



+ 10 

1 

T 

1 

1 

uA 



ICCl 

1 Power Supply Current 

VCC=5V, 1 
fCLK=(l) lAP/AF 
VIHC=VIH=| 

- 

1 5 

1 

1 

7 

T 

1 

1 

mA 





VCC-0.2V 1 
VILC=VIL=I ® 

0.2V 

- 

1 (2) 

1 6 

(2) 

10 

■| 

1 

1 



ICC2 

1 Standby Supply 

1 Current 

VCC=5V VIHC 
*VIH=VCC-0.2V 
VILC*VIL*0.2V 

- 

1 1 

10 

T 

1 

1 

uA 



Note (l) fCLK=l/TcC(MIN.) (2) Preliminary 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C10AP/TMPZ84C1OAP-6 
TMPZ84C10AF/TMPZ84C1 OAF-6 


A.3 AC ELECTRICAL CHARACTERISTICS 

4.3.1 A.C. Characteristics (I) 

When operate as peripheral devices (inactive state) 
TA = -40‘C to 85*C, VCC = 5V + 10%, VSS = OV 







iPre- 
1liminary 





1 4 MHz 

1 

6 MHz 


NO. 

SYMBOL 

j PARAMETER 

1 AP/AF 

IAP-6/AF-6 

UNIT 

IMIN.IMAX. 

|MIN. 

MAX. 

1 

1 TcC 

1 Clock cycle time 

1 2501 

DC 


165 

DC 

ns 

2 

1 TwCh 

1 High clock pulse width 

1 1101 

DC 

T 

65 

DC 

ns 

3 

1 TwCl 

1 Low clock pulse width 

1 iiol 

DC 


65 

DC 

ns 

4 

1 TrC 

1 Clock rise time 

1 - 1 

30 

! 

- 

20 

ns 

5 

1 TfC 

1 Clock fall time 

1 - 1 

30 


- 

20 

ns 

6 

1 Th 

1 Hold time 

1 o| 

- 


0 

- 

ns 

7 

1 TsC(Cr) 

1 

1 lORQ, WR and CE signals 

1 set-up time for clock 

1 rise 

1 1 

1 U5| 

1 1 

1 1 

- 


60 


ns 

8 

1 TdDO(RDf) 

1 _ 

1 Delay from RD rise to 

1 data output 

1 1 

1 1 

380 


- 

300 

ns 

9 

1 TsWM(Cr) 

1 Data input set-up time 

1 for clock rise (write 

1 and Ml cycle) 

1 1 

1 50 1 

1 1 

- 


30 

- 

ns 

10 

1 TsCf(DO) 

1 

1 Delay from lORQ fall to 

1 data output 

1 (INTA cycle) 

1 1 

1 1 

1 1 

160 


- 

100 

ns 

11 

1 TsRD(DZ) 

1 _ 

1 Delay from RD rise to 

1 data bus float state 

i 1 

1 1 

110 


- 

70 

ns 



1 

1 1 






12 

1 TsIEI(IORQ) 

1 lEI set-up time for lORQ 

1 fall 

1 (INTA cycle) 

1 lAOl 

1 1 

I i 



100 


ns 

13 

1 TdlEOr(IEIr) 

1 Delay from lEI rise to 

1 lEO rise 

1 1 

1601 

1 

— 

70 

ns 

14 

1 TdlEOf(IEIf) 

1 Delay from lEI fall to 

1 lEO fall 

1 1 

130 

1 

— 

70 

ns 

15 

1 TdMl(IEO) 

1 _ 

1 Delay from Ml fall to lEO 
1 fall (When interrupt is 

1 generated immediately 

1 before Ml cycle.) 

1 i 

1 1 

1 i 

1 1 

190 


- 

100 

ns 

16 

1 TsMlf(Cr) 

i _ 

1 Ml signal set-up time for 
1 clock rise 

1 1 

1 901 

1 1 

- 


70 

- 

ns 

17 

1 TsMlr(Cf) 

1 _ 

1 Ml signal set-up time for 
1 clock fall 

1 I 

1 -10 1 

1 1 

- 


-10 

- 

ns 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C10AP/TMPZ84C1OAP-6 
TMPZ84C10AF/TMPZ84C1 OAF-6 






1 4 MHz 

1 

1 

1 

Pre- 1 

liminary I 
6 MHz 1 



NO. 

SYMBOL 

PARAMETER 

1 AP/AF 
IMIN.ImAX. 

|AP-6/AF-6| 
iMIN.iMAX. 1 

UNIT 


18 

1 

1 TsRD(Cr)) 

i 

1 _ _ 

1 RD signal set-up time for 
1 clock rise (Ml cycle) 

1 1 

1 1151 

1 1 

- 

1 

i 

1 

1 1 

60 1 - 1 

1 1 

ns 1 


19 

1 Tdl(INT) 

1 

1 

1 Delay from interruption 

1 generation to INI fall 

1 (at inactive state) 

■ 



■H 

ns 1 


20 

1 

1 TdBAIr(BAOr) 

1 

1 _ 

1 Delay from BAI rise to 

1 BAO rise 

1 1 

1 1 

150 


1 1 

- Iioo 1 

1 1 

ns 1 


21 

1 

1 TdBAIf(BAOf) 

1 

1 _ 

1 Delay from BAI fall to 

1 BAO fall 

1 1 

1 1 

150 


1 1 

- IlOO 1 

1 1 

ns 1 


22 

1 TsRDY(Cr) 

1 

1 RDY signal set-up time 

1 for clock rise 

1 1001 

1 1 

— 


50 1 - i 

1 1 

ns 1 


4.3.2 A.C. Characteristics (II) 

When operate as bus controller (active state) 
TA = ~40*C to 85*C, VCC = 5V + 10%, VSS = OV 


Pre- 


liminary 





4 MHz 

1 

6 MHz 


NO. 

SYMBOL 

PARAMETER 

AP/AF 

IAP-6/AF-6 

UNIlj 

MIN.iMAX. 

IMIN. 

MAX. 

1 

TcC 

Clock cycle time 

2501 DC 

1 

tm 


BSH 

2 

TwCh 

High clock pulse width 

1101 DC 

1 

sa 

eb 

ns 1 

3 

TwCl 

Low clock pulse width 

llOl DC 

1 

65 

EB 

ns 1 

4 

TrC 

Clock rise time 

- 1 30 

1 

- 

20 

ns 1 

5 

TfC 

Clock fall time 

- 1 30 

1 


20 

ns 1 

6 

TdA 


- IllO 

1 

- 

HB 

ns 1 

7 

TdC(AZ) 

Delay from clock rise to 
address bus float state 

1 90 

1 

1 

1 

— 

80 

ns 1 

1 

8 

1 

TsA(MREQ) 

1 

Address set-up time for 
MREQ rise 
(memory cycle) 

651 - 

1 

1 

T 

1 

1 

35 

- 

ns 1 

1 

9 1 

TsA(IRW) i 

Address set-up time for 
lORQ, RD, WR fall 
(I/O cycle) 

1 

1801 - 
1 

1 

1 

1 

110 

- 

ns 1 

10 ! 

! 

TdRW(A) 1 

Address hold time from 

RD, WR rise 

1 

90 i - 
1 

1 

1 

1 

35 

- 

ns 1 

11 1 

TdRW(Az) 

Address hold time from 

RD, WR rise 
(at float state) 

1 

951 - 

i 

1 

1 

1 

65 

- 

1 

ns 1 

12 

TdCf(DO) 

Delay from clock fall to 
data output 

- 1150 

1 

1 

1 

— 

1130 

1 

ns 1 

1 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMPZ84C10AP/TMPZ84C1OAP-6 

TECHNICAL DATA 

TMPZ84C10AF/TMPZ84C1 OAF-6 


4 MHz 


Pre- 

liminary 


6 MHz 


NO. 

SYMBOL 

j PARAMETER 

i 

AP/AF ! 

AP-6/AF-6 

juNIT 

|MIN. 

IMAX.1 

MIN. 

!max. 

13 

i TdCr(DZ) 

1 Delay from clock rise to 

1 data bus float state 

1 (write cycle) 



1 

i 

1 

90 


r 

1 

1 

70 

1 

1 

1 

ns 

14 

1 TsDI(Cr) 

1 Data input set-up time up 
1 to clock rise (read cycle 

1 in which RD ended at 

1 clock rise) 


35 

1 

1 

1 

1 


30 

1 

1 

1 

1 


1 

i 

1 

1 

ns 

15 

! TsDl(Cf) 

1 Data input set-up time up 
1 to clock fall (read cycle 
1 in which RD ended at 

1 clock fall) 


50 

1 

1 

1 

1 


40 

1 

1 

1 

1 


1 

1 

1 

1 

ns 

16 

1 TsDO(WfM) 

1 Data output set-up time 

1 up to WR fall 

1 (memory cycle) 


80 

1 

1 

1 


25 

1 

1 

1 


1 

1 

1 

ns 

17 

1 TsDO(Wfl) 

1 Data output set-up time 

1 up to WR fall 

1 (I/O cycle) 


100 

1 

1 

1 


55 

1 

1 

1 


1 

1 

1 

ns 

18 

i TsWr(DO) 

1 Data hold time from WR 


70 

1 

- 

30 

1 

- 

1 

ns 



1 rise 



1 



1 


1 


19 

1 Th 

1 Hold time 


0 

T 

- 

0 

1 

- 

i 

ns 

20 

1 TdCr(Mf) 

i Delay from clock rise to 

1 MREQ fall 


- 

1 

1 

85 

— 

i 

1 

70 

1 

1 

ns 

21 

1 TdCf(Mf) 

1 Delay from clock fall to 

1 MREQ fall 


— 

1 

1 

85 

— 

1 

1 

70 

1 

1 

ns 

22 

1 TdCr(Mr) 

1 Delay from clock rise to 

1 MREQ rise 


— 

1 

85 

— 

1 

1 

70 

1 

1 

ns 

23 

1 TdCf(Mr) 

1 Delay from clock fall to 
i MREQ rise 


— 

1 

85 

— 

1 

1 

70 

1 

1 

ns 



1 


220 

1 

- 

135 

1 

- 

1 

ns 

24 

1 TwMl 

1 Low MREQ pulse width 



1 



1 


1 




1 


120 

1 

- 

65 

1 

- 

1 

ns 

25 

1 TwMh 

1 High MREQ pulse width 



1 



1 


1 


26 

1 TdCf(If) 

1 Delay from clock fall to 
j lORQ fall 


— 

1 

1 

85 

— 

1 

1 

70 

i 

I 

ns 

27 

1 TdCr(If) 

1 Delay from clock rise to 

1 lORQ fall 


— 

1 

1 

75 

— 

1 

1 

65 

1 

1 

ns 

28 

1 TdCr(lr) 

1 Delay from clock rise to 

1 lORQ rise 


— 

1 

1 

85 

— 

1 

1 

70 

1 

1 

ns 

29 

1 TdCfdr) 

1 Delay from clock fall to 

1 lORQ rise 

T 

— 

1 

i 

85 

— 

1 

1 

70 

1 

1 

ns 

30 

1 TdCr(Rf) 

1 Delay from clock rise to 

1 RD fall 


- 

■| 

1 

85 

- 

1 

1 

70 

1 

1 

ns 

31 

i TdCf(Rf) 

1 Delay from clock fall to 

1 RD fall 

T 

— 

T 

1 

95 

— 

T 

1 

80 

1 

1 

ns 

32 

1 TdCr(Rr) 

1 Delay from clock rise to 

1 RD rise 


- 

1 

1 

85 

— 

1 

1 

70 

1 

1 

ns 

33 

1 TdCf(Rr) 

1 

1 ^lay from clock fall to 
j RD rise 

T 

1 

- 

T 

1 

85 

1 

1 _ 

T 

1 

70 

T 

1 

ns 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMPZ84C10AP/TMPZ84C1OAP-6 

TECHNICAL DATA 

TMPZ84C10AF/TMPZ84CieAF-8 








4 

MHz 

iPre- 
1liminary 

1 6 MHz 



NO. 

SYMBOL 

PARAMETER 



AP/AF 

IAP-6/AF-6 

UNIT 

MIN 

IMAX. 

IMIN. 1 

MAX. 


34 

i TdCr(Wf) 

1 Delay from clock 

rise 

to 1 

- 

1 

65 

1 ~ i 

60 

ns 1 



1 

i WR fall 




1 


1 1 




35 

1 TdCfCWf) 

1 Delay from clock 

fall 

to 1 

- 

1 

80 

1 ~ 1 

60 

ns 1 



1 

1 WR fall 




1 


1 1 




36 

1 TdCr(Wr) 

1 Delay from clock 

rise 

to i 

- 

1 

80 

1 ~ 1 

70 

ns 1 



1 

1 WR rise 




1 


1 1 




37 

1 TdCf(Wr) 

1 ^lay from clock 

fall 

to i 

*- 

1 

80 

1 “ 1 

70 

ns 1 



1 

1 WR rise 




1 


1 1 





1 

1 



220 

1 

- 

1135 1 

- 

ns 1 


38 

1 TwWl 

1 Low WR pulse width 



1 


1 1 




39 

1 

1 TsWA(Cf) 

1 

1 WAIT signal set- 

1 

up time 1 

70 

1 

1 


1 1 

1 60 1 

_ 

ns i 



1 

1 for clock fall 


1 


1 


1 1 




40 

1 TdCr(B) 

1 Delay from clock 

rise 

up 1 

- 

1 

100 

i - 1 

90 

ns 1 



1 

1 to BUSREQ signal 


1 


1 


1 1 




41 

1 TdCr(Iz) 

1 Delay from clock 

rise 

to 1 

- 

T 

80 

1 - 1 

70 

ns 1 



1 

1 lORQ, MREQ, RD, WR signal| 


1 


i 1 





1 

1 float state 


1 


1 


1 1 

j 



A.C Test conditions 

VIH = 2.4V, VIL = 0.4V, VIHC = VCC - 0.6V, VILC = 0.6V 

VOH = 2.2V, VOL = 0.8V 

CL=100pF 


4.4 Capacitance 
TA = 25°C 



SYMBOL 

ITEM 

1 

TEST CONDITION 

IMIN. ITYP. 

iMAX. 

lUNIT 



CCLOCK 

Clock Input 
Capacitance 

I 

f=lMHz 

All terminals except 

i - i - 
1 1 

1 5 

1 

1 pF 

1 



CIN 

Input 

Capacitance 

1 

1 

that to be measured 
should be earthed. 

1 - 1 - 
1 1 

1 5 

1 

1 pF 

1 



COUT 

Output 

Capacitance 

1 

1 


1 - 1 - 
1 1 

1 5 

1 

1 pF 

1 
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TOSHIBA 


INTEGRATED CIRCUIT 


TMPZ84C10AP/TMPZ84C10AP-6 

TMPZ84C10AF/TMPZ84C10AF-6 


TECHNICAL DATA 







TOSHIBA 


INTEGRATED CIRCUIT 


TMPZ84G10AP/TMPZ84G1OAP-6 
TMPZ84C10AF/TMPZ84C1 OAF-6 


TECHNICAL DATA 





TOSHIBA 


INTEGRATED CIRCUIT 


TMPZ84C10AP/TMPZ84C1OAP-6 
TMPZ84C10AF/TMPZ84C1 eAF-6 


TECHNICAL DATA 












INTEGRATED CIRCUIT 


TOSHIBA 

TMPZ84C10AP/TMPZ84C1OAP-6 

TECHNICAL DATA 

TMPZ84C10AF/TMPZ84C1 OAF-6 


5.2 44-Pin mini-flat Package Unit in mm 












INTEGRATED CIRCUIT 


TOSHIBA 

TMPZ84C10AP/TMPZ84Ct OAP-6 

TECHNICAL DATA 

TMPZ84C10AF/TMPZ84C10AF-6 


6. Precautions 

For the basic timings, please refer to the precautions in 3.3.2 (1). 

For the commands, care shall be taken to the programming as there are many 
registers and setup is considerably compiletated. 

As the precaution for the programming, the "fixed address destination port 
programming" is briefly described. When Port A is assumed to be the 
"fixed address destination port", address can be loaded in the following 
steps : 

(1) Write Port A address into WRO. 

(2) Designate Port A as the source port, (set up temporarily) 

(3) Load Port A address on the address counter. (Load command CFH) 

(4) Write Port B start address into WR4. 

(5) Convert Port A into the destination port. 

(6) Load Port B start address on the address counter, (source port address) 
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TMPZ84C20P, TMPZ84C20AP, TMPZ84C20AP-6, TMPZ84C20F, TMPZ84C20AF, TMPZ84C20AF-6 
TLCS-Z80 PIO: PARALLEL INPUT/OUTPUT CONTROLLER 

1. General Description and Features 

The TMPZ84C20 (hereinafter referred to as PIO) is CMOS version of Z80 PIO 
and has been designed to provide low power operation. 

The PIO is a general purpose parallel input/output port device with two 
programmable independent 8-bit ports, which provides a direct interface 
between the Z80 microprocessor (hereinafter referred .to as MPU) and 
peripheral devices. 

This PIO provides excellent data transfer processing by the interrupt and 
allows the interrupt in Mode 2 of MPU. 

The TMPZ84C20 is fabricated using Toshiba's CMOS Silicon Gate Technology. 

The principal functions and features of the TMP84C20 are as follows. 

(1) Compatible with the functions and pin connections of Zilog Z80 PIO. 

(2) Low power consumption 

2mA Typ. (@5V @4MHz) ... TMPZ84C20P/F, TMPZ84C20AP/AF 
3mA Typ. (@5V @6MHz) ... TMPZ84C20AP-6/AF-6 
lOuA Max. (@5V, Stand-by) 

(3) Operating temperature 

-40 C to 85 C 

(4) DC to 4MHz operation ... TMPZ84C20P/AP 

DC to 6MHz operation ... TMPZ84C20AP-6/AF-6 

(5) 2 programmable independent 8-bit input/output ports with handshake 
function. 

(6) 4 operation modes for each port: 

Mode 0 (Byte Output Mode) 

Mode 1 (Byte Input Mode) 

Mode 2 (Byte Input/Output Mode) . Port A only. 

Mode 3 (Bit Mode) 

(7) Built-in interrupt priority control circuit in daisy chain structure 

(8) Port B outputs capable of driving Darlington transistors 

(9) All input/output lines are TTL compatible. 

(10) Single 5V power supply. Single-phase clock 

(11) 40 pin DIP package, 44 pin Mini Flat Package. 


(Note) Z80(R) is a registered trademark of Zilog Inc., U.S.A. 
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2. Pin Connections and Pin Functions 


2.1 Pin connections 

The pin connections of the TMPZ84C20P are as shown in Fig. 2.1. 
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31 
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AI 
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14 

27 

Dbo 
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22 

□ lEO 

D1 

d 
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(a) DIP pin Connection 



(Note) NC must be used at open condition. 
*ICV must be used at open 
Condition or Connected with Vcc. 
(b) MFP Pin Connection 


Fig. 2.1 Pin Connections (Top View) 


2.2 


Pin names and functions 

I/O pin names and functions are as shown in Table 2.1. 


Table 2.1 Pin Names and Functions 



Pin Name 

!Number| 

Input/Output i 

Function 

1 



lof 

Pin| 

3-state 1 


1 


DO - D7 

1 

8 1 

I/O 1 

8-bit bidirectional data bus. 

1 



1 

1 

3-state 1 

Data transfer between MPU and PIO 

1 



1 

i 


Chip enable. 

1 


CE 

1 

1 1 

Input 1 

Used for accessing MPU and PIO. 

1 



1 

1 


When MPU selects this PIO, this terminal 

1 



1 

i 


becomes L level (Refer to 3.4 Basic timing.)| 



1 

1 


Normally, this terminal is connected to the 




1 

! 


address decoder output . 




1 

1 


Control/data select. 



C/D 

1 

1 1 

Input 1 

Indicates if signal on the data bus is con- 




1 

1 


trol signal or data. Selects data at L 




1 

1 


level and command at H level. Normally, 




j_ 

1 


connected to address bit Al of MPU. 




1 

1 


Port A/port B select. 



B/A 

1 

1 1 

Input 1 

Selects Port A at L level and Port B at H 




1 

1 


level. 




1 

1 


Normally, connected to address bit AO of 




1 

1 


MPU. 
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Pin Name 

I Number I 

Input/Output 

Function 



I of 

Pin! 

3-state 


AO - 

A7 

I 

8 I 

I/O 

Port A bus. 



i 

I 

3-state 

Data transfer between Port A of PIO and 



I 

I 


external device. 



I 

I 


Port A strobe input 

ASTB 


i 

1 1 

Input 

Handshake signal from the external device. 



i 

1 


Signal meaning differs depending upon 



I 

1 


operatiom mode. (Refer to 3«4 Basic 



I 

1 


timing.) 



I 

1 


Port B strobe input 

BSTB 


i 

1 1 

Input 

Handshake signal from the external device. 



I 

1 


Signal meaning is the same as ASTB but dif¬ 



I 

1 


fers if Port A is in Mode 2. 



I 

1 


(Refer to 3.4 Basic timing.) 



I 

1 


Register A ready. 

ARDY 


I 

1 1 

Output 

Port A ready. 



i 

1 


Handshake signal to the external device. 



I 

i 


Signal meaning differs depending upon 



I 

1 


operation mode. (Refer to 3.4 Basic 



I 

1 


timing.) 



i 

1 


Machine cycle 1. 

mI 


I 

1 1 

Input 

When both Ml and lORQ are at L level, in¬ 



I 

1 


dicates that MPU is executing the inter¬ 



i 

1 


rupt acknowledge cycle. (Refer to 3.4 



I 

1 


Basic timing.) Normally, connected to Ml 



i 

1 


of MPU. 



I 

1 


I/O request. 

lORQ 


I 

1 1 

Input 

Used to access between MPU and PIO. This 



I 

1 


terminal becomes L level when l/O addresses 



I 

1 


are on the address in the write cycle and 



I 

1 


read cycle. Further, when lORQ and Ml are 



i 

1 


both at L level, it indicates that MPU is 



i 

1 


executing the interrupt acknoledge cycle. 



i 

1 


(Refer to 3.4 Basic timing.) 



i 

1 


Normally, connected to lORQ of MPU. 



I 

1 


Read signal. 

RD 


I 

1 1 

Input 

Used to access between MPU and PIO. 



i 

1 


Controls the transfer direction. (Refer to 



I 

1 


3.4 Basic timing) Normally, connected to 



I 

1 


RD of MPU. 

BO - 

B7 

I 

8 1 

I/O 

Port B bus. 



I 

1 

3-state 

Data transfer between Port B of PIO and 



i 

1 


external device. Capable of driving -1.5mA 



I 

1 


(@VoH=1.5V) Darlington transistors. 

CLK 


H 



System clock. 



n 


_lll_ 

Single-phase clock input. 



n 



In DC state (either at H or L level), PIO is 



n 



in a stand-by state and power consumption 



n 



becomes extermely less. 


- 175 - 














TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C20P, TMPZ84C20AP/AP-6 
TMPZ84C20F, TMPZ84C20AF/AF-6 



Pin Name 

I Number I 

I of Pin I 

Input/Output 1 
3-state 1 

Function 1 


lEI 

1 

I 

i 

I 

I 

I 

I 

I 

1 1 

Input i 

I 

1 

1 

1 

1 

1 

1 

Interrupt enable input^_ | 

Together with lEO and INT, forms daisy chain| 
interrupt control signal. Connected to 1 
lEO of high priority peripheral LSI. 1 
However, to give higher priority than other | 
peripheral LSI’s to this PIO, connect this I 
terminal to the +5V power. I 
(Refer to 3.3.2 Interruption.) | 


Tnt 

I 

I 

I 

1 1 

1 

Output 1 

1 

Interrupt request. I 
Interrupt request signal for MPU. I 
Connect to INT of MPU. (Open drain) 1 


lEO 

I 

I 

I 

I 

I 

I 

I 

.1_ 

1 1 

Output 1 

i 

1 

1 

1 

1 

1 

1 

Interrupt enable output. | 
Together with lEI and INT, forms daisy chain| 
interrupt control signal. Connected to 1 
lEI of low priority peripheral LSI. I 
However, if this PIO has the lowest priority| 
than any other peripheral LSI’s, this lEO | 
is not used . I 
(Refer to 3.3.2 Interruption) I 


BRDY 

1 

1 

i 

.1_ 

1 1 

Output 1 

1 

1 

1 

1 

PORT B ready I 
Handshake signal to the external device. 1 
Signal meaning is the same as that of ARDY. 1 
However, it differs when Port A is in Mode | 
2. (Refer to 3.4 Basic timing.) 1 


VCC 

1 

1 

1 1 

1 

Power supply 1 

1 

+ 5V i 


VSS 

1 

1 

1 

1 1 

1 

Power supply 1 

1 

OV 1 
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3. Functional Description 

3.1 Block diagram 

The block diagram of PIO is shown in Fig. 3.1. 


DO — D7 


cn,Hi,ro^ 

C/C, a/A,RD 



INTERRUPT 
CONTROL LINE 


AO A7 

APTB 

ARDY 


BO — B7 

BSTB 

BRDY 


Fig. 3.1 Block Diagram 

3.2 System cinfiguration (Architecture) 

The system configuration of PIO consists of four logical operation 
circuits as below. 

(1) MPU Bus Input/Output Logical Operation Circuit 

(2) Internal Control Logical Operation Circuit 

(3) Interrupt Control Logical Operation Circuit 

(4) Port Input/Output Logical Operation Circuit 

3.2.1 MPU bus input/output logical operaton circuit 

This is a circuit for connecting PIO to MPU. This circuit connects PIO 
directly to MPU without using other external circuit. However, if a 
system becomes large, it becomes necessary to provide an address decoder 
and a line buffer. 

3.2.2 Internal control logical operation circuit 

This is a circuit to synchronize the MPU data bus with PIO Port A and 
Port B. 
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3.2.3 Interrupt control logical operation circuit 

This is a circuit to perform processing concerning interrupt of MPU such 
as decision of priority. 

3.2.4 Port input/output logical operation circuit 

This is a circuit to connect PIO to external devices. This ciruit 
consists of 7 registers and one flip-flop circuit shown below. Data 
write to the registers is performed by MPU according to program. Shown 
in parentheses is number of bits. The internal port configuration is 
shown in Fig. 3.2. 


o 

Data 

input register 

(8 

bits ) 

0 

Data 

output register 

(8 

bits) 

0 

Mode 

control register 

(2 

bits ) 

0 

Interrupt vector register 

(8 

bits ) 

o 

Interrupt control register 

(2 

bits ) 

0 

Mask 

control register 

(8 

bits) 

0 

Data 

input/output control register 

(8 

bits) 



Fig. 3.2 Internal Port Configuration 
(1) Data output register 

This register holds data to be transferred from MPU to external devices. 
Output data from MPU are transferred through this register. 
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(2) Data input register 

This register latches data being transferred to MPU from external 
devices. All input data to MPU are read into MPU through this register. 

(3) Mode control register 

This register is used to designate operation modes. Operation modes are 
set up through control by MPU. 

(4) Interrupt vector register 

This register holds vector address of a table that stores atart address 
of an interrupt routine. This register is used only when the interrupt 
process is performed. 

(5) Interrupt control register 

This register designates condtions for monitoring the input ports. This 
register is used only in Mode 3 of PIO. 

(6) Mask control register 

This register designates which bits of the input port is enable for the 
interrupt request. This register is used only in Mode 3 of PIO. 

(7) Data input/output control register 

This register designates each of the terminals for output/input use. 
This register is used only in Mode 3 of PIO. 

(8) Handshake control circuit 

This circuit controls data transfer with external devices connected to 8 
bit input/output ports. 

3.3 Basic operation 

3.3.1 Reset 

PIO has the following two reset functions: 

(1) Power ON reset 

PIO has a built-in automatic power ON reset circuit. 

(2) Reset by external signal 

When RD and lORQ termiansl are set at H level and Ml terminal kept at L 
level for 2 system clocks, PIO is reset immediately after the rise of Ml 
terminal. 

Reset status 

(1) Both ports are set in Mode 1. 

(2) Interrupt is disabled. 

(3) All bits of the data input/output registers of both ports are reset. 

(4) All bits of the mask control registers for both ports are reset and the 
completely masked state is resulted. 

(5) The port input/output lines of both ports are placed in high impedance 
state. 

(6) RDY signals for both ports become L level. 

The reset status is held until control characters are input. For the 
control characters refer to "3.5 Operating procedures". 

3.3.2 Interrupt 

PIO is capable of generating interrupt when MPU is operating in Mode 2. 
The interrupt request signal (INT) from PIO is accepted when MPU is in 
the enabled state (after execution of El instruction). When accepted 
INT, MPU latches the interrupt vector (8 bit data) from PIO. 
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Based on this data, MPU designates the start address of the interrupt 
routine and by calling this routine, starts the interrupt processing. 
Since the start address of the interrupt routine can be thus designated 
by the interrupt vector from PIO, it is possible for user to call any 
address by changing a value of this vector. 

The interrupt ends when MPU executes RETI instruction. PIO has the RETI 
instruction decoding circuit and is capable of knowing end of the 
interrupt by constantly monitoring the data bus. 

The interrupt priority of peripheral LSI’s is decided by the daisy chain 
structure. When peripheral LSI's are connected in series as shown in 
Fig. 3.3, peripheral LSI's which are physically closer to MPU will have 
higher interrupt priority. Further, in the inside of PIO, Port A has the 
higher priority than Port B. 

Z80 Peripheral LSI has lEO and lEI terminal. The lEO terminal of a 
higher priority peripheral LSI is connected to the lEI terminal of a 
lower priority peripheral LSI by this signal line. However, the lEI 
terminal of a peripheral LSI having the highest priority is connected to 
the +5V power supply and the lEO terminal of a peripheral LSI having the 
lowest priority is not used. Generation of interrupt is in accordance 
with the following rules: 

o When the lEI and lEO terminals are both at H level, no interrupt in 
progress. At this time, the INT terminal is at H level. In this 
state, the interrupt can be requested, 
o When PIO outputs the interrupt request signal (INT), the lEO terminal 
is made to L level by this PIO. When an interrupt request is accepted 
by MPU, the INT terminal returns to H level, 
o When the lEI terminal becomes L level, the lEO terminal also becomes L 
level. 

o When the lEI terminal is at L level, no interrupt request can be made, 
o If the lEI terminal becomes L level while interrupt is generated, the 
interruption process is kept suspended. 

The connection in daisy chain structure allows connection of up to 4 
PIO's without providing an e’ eriial circuit. This is maximum quantity 
not to exceed the limit of lEO signal propagation time (time from the 
fall of MI signal to the fall of lORQ signal in the interrupt acknowledge 
cycle). Connecting of more than 5 PIO's requires a simple external 
circuit. 

(1) Before generation of interrupt 


I _ |_H___o 

I MPU INT I I i i I 


Vcc o_H| INT |J1_| INT |_H^| INT |_H_1 INT I 
llEI lEOl llEI lEOl llEI lEOl [lEI IEO| 

(1) (2) (3) (4) 
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(2) Interrupt request from peripheral (2) to MPU 

1 I L 

I_I i ^ 

I I _ 

Vcc o H! 1 H I 1 L I 


(3) Response by MPU to interrupt request . Execute the interrupt routine 

of peripheral (2) 


Vcc o H| 


(4) Interrupt request from peripheral (1) to MPU . Suspends the interrupt 

routine of peripheral (2) 


(5) Response by MPU to interrupt request . Execute the interrupt routine 

of peripheral (1) 


(6) The interrupt routine of peripheral (1) ends (execution of RETI command) 
. Restarts interrupt routine of peripheral (2) 


o Vcc 
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TMPZ84C20P, TMPZ84C20AP/AP-6 
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TMPZ84C20F, TMPZ84G20AF/AF-6 

(7) The interrupt routine of peripheral (2) ends (execution of RETI command) 

I I H 

o Vcc 


_I ^ ^ ^ I 

I I I I 

Vcc ojll I H I I H I I H I 1 


The interrupt priority of peripheral LSI (1) > (2) > (3) > (4) 
Fig. 3.3 Operation of Daisy Chain 


3.3.3 Operation mode 

PIO is operated in one of the following 4 operation modes. These modes 
are selected by writing mode control characters, 
o Mode 0 (Byte output mode) 
o Mode 1 (Byte input mode) 
o Mode 2 (Byte input/output mode) 
o Mode 3 (Bit mode) 

(1) Mode 0 (Byte output mode) 

In Mode 0, PIO sends out data received from MPU to external devices 
through the port data output register. 

The content of the data output register can be written using an output 
command. In addition, it remains unchanged till next output command even 
when data on the data bus changed. 

Executing an output command by MPU generates a write signal in PIO in the 
write cycle. Data on the data bus can be latched in the data output 
register by this write signal. 

(2) Mode 1 (Byte input mode) 

In Mode 1, PIO sends out data received from external device to MPU 
through the port data input register. 

(3) Mode 2 (Byte input/output mode) 

Mode 2 is an operation mode which combined Mode 0 and Mode 1. Mode 2 is 
used at Port A only. 

In this mode, all of 4 handshake control lines are used. The handshake 
control line of Port A is used for data output, and that of Port B for 
data input. Port A is used for data transfer and Port B is set in Mode 3 
(Bit mode) under which the handshake control line is not used. Interrupt 
timing generation is nearly the same in both Mode 0 and Mode 1. In case 
of the input operation, the handshake control line of Port B is used and 
therefore, the interrupt vector written into Port B is transferred. It 
is therefore possible to control interrupt of input and output operation 
by different vectors. 

(4) Mode 3 (Bit mode) 

Mode 3 is an operation mode which each bit of 8-bit port can be handled 
as an input or output. Since the handshake control line is not used, 
normal read/write can be performed. 
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In case of write, data sent from MPU to PIO is latched in the data output 
register corresponding to bits which are set for output at the same 
timing as in Mode 0. 

Interrupt is generated under the enabled state and when the condition 
specified in interrupt control register is satisfied for the bits which 
is set as an input. However, if Port A is operating in Mode 2, Port B 
cannot generate interrupt in the bit mode. Further, when the interrupt 
is used, the interrupt of a bit which is set for output is inhibited, a 
mask control register bit corresponding to that bit is set to 1. 
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3.4 Status change flowchart and basic timing 


3.4.1 Status change flowchart 

The status change flowchart of PIO is shown in Fig. 3.4 
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Fig. 3.4 (a) Status Change Flowchart of PIO 
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Fig. 3.4 (b) Status Change Flowchart of PIO 
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3.4.2 Write cycle 

Write signal (*WR) is produced in the PIO by lORQ, RD, C/D and CE 
signals. At the system clock T2 state, MPU changes the lORQ terminal to 
L level and starts the write cycle. At this time, in order to show the 
write eycle. Ml terminal needs to be H level. Furhter, signals are sent 
from MPU to the B/A terminal and C/D terminal of PIO, respectively, to 
designate selection of port, control signal or data. Thus, the data 
output register for the selected port of PIO can latch data at the system 
clock T3 state. TW is the waiting state that is automatically added by 
MPU. 



C/D. B/A 


CE 



X 

X 


lORQ, 

Rf» 



/ 


Ml 

DATA BUS 



INPUT 


X 


*WR 



/ 


*WR C/D • CE • lORQ, 


Fig. 3.5 Write Cycle Timing 


3.4.3 Readout cycle 

At the system clock T2 state, MPU sets the RD, CE and lORQ terminals of 

the PIO at L level and starts the read cycle. At this time, in order to 

show the read cycle it is necessary to set the MI terminal at H level. 

The PIO output data by CE, lORQ or RD signal. TW is the waiting state 

that is automatically added by MPU 
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*RD = C/D ‘CE'RD -lORQ 


Fig. 3.6 Readout Cycle Timing 

3.4.4 Mode 0 (Byte output mode) 

The output cycle in Mode 0 starts when MPU executes an output command. 
When MPU executes the output command, a write signal (*WR) is produced in 
the PIO in the write cycle. Data on the data bus is latched by this 
signal in the data output register of the selected port. The RDY 
terminal becomes H level at the first fall of the system clock after the 
rise of the write signal (*WR). This indicates that data from the data 
output register is already on the port l/O terminal. 

The external device sets the RDY terminal to L level at the fall of the 
first system clock after the rise of the STB terminal through which 
information of receipt of this data is input to the PIO, and waits next 
output command. 

If it is the interrupt enabled state at this time, the INT terminal is 
set to L level at the rise of the STB terminal and the interrupt request 
signal is output to MPU. The timing chart of Mode 0 is shown in Fig. 

3.7. 

3.4.5 Mode 1 (Byte input mode) 

The input cycle is started when MPU completed the preceding data read. 
The external device sets the STB terminal of the PIO to L level and loads 
data on the port I/O line. 
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The RDY terminal becomes L level at the first fall of the system clock 
after the rise of the STB terminal to inhibit the external device to send 
out next data. 

If it is the interrupt enabled state at this time, the INT terminal is 
set to L level at the rise of the STB terminal and the interrupt is 
requested to MPU. 

When MPU executes the input command by the interrupt routine, the read 
signal (*RD) is produced in the PIO in the read cycle. This signal 
outputs data from the selected port data input register to the data bus, 
and MPU receives this data. The RDY terminal becomes H level at the 
first fall of the system clock after the rise of the read signal (*RD) 
and next input is waited. The timing chart of Mode 1 is shown in Fig. 
3.8. 


T2 % T3 



*WR « C/D • CE-lORq 

Fig. 3.7 Mode 0 Timing 
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*RD C/D • CE FD-ToR(5 


Fig. 3.8 Mode 1 Timing 

3.4.6 Mode 2 (Byte input/output mode) 

Mode 2 is an operation mode combining Mode 0 and Mode 1. 

The timing of output operation is almost identical to that of Mode 0. 
However, in Mode 2 data is output only when the ASTB terminal is at L 
level while in Mode 0, data is always output to the port input/output 
line. External devices can receive data at the rise of the ASTB signal 
using it as a latch signal. 

The timing of input operation is identical to that of Mode 1. 

The handshake line of Port A is used for output control and the handshake 
line of Port B for input control. 

Further, the interrupt vector produced by the BSTB signal when Port A is 
in input operation and that produced when Port B is used in Mode 3 will 
become the same value. For this reason Port B masks all bits by setting 
the mask control words so that the interrupt function is not used. 
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*WR = C/B • CE 


Fig. 3.9 Mode 2 Timing 


3.4.7 Mode 3 (Bit mode) 

In this mode, the handshake line is not used. Therefore, the normal port 
read/write can be performed and read and write of the port is possible 
any time. Write from MPU is latched in the data output register 
corresponding to a bit which is set for output at the same timing as that 
of Mode 0. Except when Port A is used in Mode 2, the RDY terminal of a 
port operating in Mode 3 is fixed at L level and data being transferred 
is composed of two data of the data output register and data input 
register. That is, data in bits that are set for output and data in bits 
set for input are composed into one data. 

Interrupt is generated when the interrupt is enabled and bits that are 
set for input satisfy conditions specified by the mask control register 
and interrupt control register. However, when Port A operates in Mode 2, 
Port B is not capable of producing any interrupt in Bit Mode. Further, 
when the interrupt is used, in order to inhibit interrupt of a bit that 
is set for output, a mask register bit corresponding to that bit is set 
to 1. 

An interrupt request is generated at the point of time when the logical 
condition becomes true. In addition, when the logical condition becomes 
true immediately before the Ml terminal becomes L level or the Ml 
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terminal is at L level, an interrupt is generated at the rise of the Ml 
terminal. 



INT 


\ 


-ff 


lORQ, 


RD 


A_/ 

\ _ / 


PORT INPUT/ 
OUTPUT LINE 


DATA BUS 



Fig. 3.10 Mode 3 Timing 
3.4.8 Interrupt acknowledge cycle 

At the same time INT signal set to L level, the PIO sets the lEO terminal 
at L level to inhibit interrupt request from lower priority order LSI. 
When receiving the interrupt request signal (INT) from the PIO, MPU sets 
the Ml and lORQ terminals of the PIO at L level as the interrupt 

acknowledge signal. The lORQ terminal becomes L level later than the Ml 
terminal by 2.5 system clocks. In order to stabilize the daisy chain 
connected signal lines, lEI and lEO signals, the ports and peripheral LSI 
cannot change interrupt requests during interrupt acknowledge cycle. 

The RD terminal is kept at H level to distinguish the interrupt 

acknowledge cycle from the command fetch cycle. If the lORQ terminal 
becomes L level when the lEI terminal is at H level, interrupt vector is 
output to the data bus from the port requesting the interrupt 
At this time, 2 system clocks are automatically inserted by MPU as the 
waiting state to keep stability of the daisy chain connect. 
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' I 

' I 

I T1 T2 Tw Tw T3 ' 



lEI 


Fig. 3.11 Interrupt Acknowledge Cycle Timing 

3.4.9 Return from the interrupt cycle 

Return from the interrupt is effected when MPU executes RETl command. 
This RETI command must be used at the last instruction of the interrupt 
routine. The execution of this RETI command by MPU returns the lEI and 
lEO terminals of the PIO to the state before interrupt, 

RETI command is a two byte command and its code is EDH and 4DH. The PIO 
decodes the codes of RETI command and desides a port which makes next 
interruption request. In the daisy chain structure, at the point of time 
when the command code EDH is decoded, the lEI terminal of a peripheral 
LSI making the interrupt is kept at H level and the lEO terminal at L 
level. If the code following EDH is 4DH, an LSI that transmitted the 
interrupt immediately before the decoding, that is, only the LSI with lEI 
terminal at H level and lEO terminal at L level is returned from the 
interrupt. As a result, the interrupt process of a lower priority 
peripheral LSI was suspended. 
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/ 
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Fig. 3.12 Return Timing from Interrupt Cycle 
3.5 Operating procedures 

To operate the PIO it is necessary to write several control registers 
into the PIO for initialization. 

On a system with the C/D terminal connected to the Address AO and B/A 
terminal connected to Address A1, the write is performed separated for 
Port A and B. 



B/A (Al) 

1 1 

1 C/D (AO) 

1 

1 

CE 

1 

1 

Register Select 



0 

1 

0 

r 

0 

T" 

PORTA DATA REGISTER. 



0 

1 

1 

1 

0 

1 

PORTA CONTROL REGISTERS 



1 

1 

0 

1 

0 

1 

PORTS DATA REGISTER. 



1 

r" 

1 

1 

0 

T" 

PORTS CONTROL REGISTERS 



X 

1 

X 

1 

1 

1 

- 



Interrupt 

vector register 



D7 j D6 j 

1 1 i ! 

D5 j D4 j D3 j D2 1 

D1 j 

0 , 


I 



■> 


> 


Denotes the interrupt vector 
words 

Interrupt vectors given by 
user 


o MPU generates the start address of the interrupt processing routine by 
this vector and the content of address shown by the control of I 
register of MPU. 

o D1 to D7 are written into the interrupt vector register, 
o If no interrupt is used, the interrupt vector words are not required. 
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(2) Mode control register 



I 

D7 

I I 

j D3 I D4 I 1 I 

‘1 

‘1 

1 


I 1 I _^ Denotes the mode control 

I I words 

I 1 _V Not used. 

1 ^(Either 0 or 1 will do) 

I I D7=0, D6=0 : Mode 0 

I _.1 D7=0, D6=l : Mode 1 

^1 D7=l, D6=0 : Mode 2 
(__D7=1, D6=l : Mode 3 

o Designates operation modes. 

o D7 and D6 are written into the mode control register. 

(3) Data input/output control register 

j D7 j D6 j D5 j D4 j D3 j D2 j D1 j DO j 


0 : for output 
1_1 : for input 

o Required only for Mode 3 

o When Mode 3 is designated by mode control register, write following a 
mode control register. 

o Designates each termnal of the port for output or input, 
o DO to D7 are written into the data input/output register. 

(4) Interrupt control register 


D7 D6 D5 D4 



^ Denotes the interruptvector 
Register. 

0 : Mask word follows. 

|__1 : Mask word follows. 

I 0 : Generate interrupt when 

the input line is at L level. 
I 1 : Generate interrupt when 
|___ the input line is at H level. 


0 : Generate interrupt at 
logical condition "OR". 

1 : Generate interrupt at 

logical condition "AND”. 


0 : Disable interrupt request 
1 : Enable interrupt request 
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o Set the interrupt generating conditions, 
o D4, D5 and D6 are used only in Mode 3. 

o If D6 is set at 0 (D6=0), interrupt is generated when any one bit that 
is not masked (monitored) by the mask control register become active, 
o If D6 is set at 1 (D6=l), interrupt is generated when all bits that are 
not masked (monitored) by the mask control register become active, 
o If D4=l, all bits which are pending will be reset in any operation 
mode. 

o D5 and D6 are written into the interruption control register. 

(5) Mask control register 


D7 D6 


D5 


D4 D3 


D2 


D1 DO 


I_ I 0 : Monitored for inter- 

I rupt 

1 1 : Non monitered for 
1_ interrupt 

o Required only for Mode 3 

o If D4 is set at 1 (D4=l) by the interrupt control register, the mask 

control word is written following the interrupt control register, 
o If a bit is set at 0, the corresponding input line is monitored, 

o If a bit is set at 1, the corresponding input line is not monitored, 

o The PIO checks only the input line which has 0 data and requests 

interrupt if the interrupt generation condition is satisfied, 
o DO to D7 are written into the mask control register. 

Since four handshake control lines are all used in setting Port A in Mode 
2, it is necessary to set Port B in Mode 3 in which the handshake control 
line is not used. In this case, all bits should be masked by the mask 
control register (all bits are set at 1). 

(Note) It is possible to set only generation of interrupt by the control 
register shown below. 


D7 D6 D5 D4 


1 I V Denotes a control register 

1 that sets enable/disable 

1 interrupt 

I V, Not used (Either 0 or 1 will 

do). 

I 0 : Disable interrupt 

_>1 

|__1 : Enable interrupt 
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4. ELECTRICAL CHARACTERISTICS 


4.1 ABSOLUTE MAXIMUM RATINGS 


Symbol 

Item 


1 Rating 

1 Unit 1 

VCC 

Supply Voltage 


1 -0.5 to +7 

1 V 1 

1 1 

VIN 

Input Voltage 


1 -0.5 to Vcc + 0.3 

1 1 

1 V 1 

1 - - 1 

PD 

Power Dissipation 


1 250 

1 mW 1 

TSOLDER 

Soldering Temperature (10 sec) 

1 260 

1 °c 1 

1.1 

Tstg 

Storage Temperature 


1 -65 to 150 

1 °C 1 

1 1 

Topr 

Operating Temperature 


1 -40 to 85 

1 °C 1 


4.2 DC ELECTRICAL CHARACTERISTICS 


TA = -40°C to 85°C, VCC = 5V + 10%, VSS = OV 



SYMBOL 

1 PARAMETER 

1 TEST CONDITION 

MIN. 

|TYP. 

MAX. 

lUNITl 


VILC 

1 Low Clock Input 

1 Voltage 


-0.3 

1 ” 

0.6 

1 V 



VIHC 

1 High Clock Input 

1 Voltage 


VCC-0.6 

1 ” 

VCC+0.3 

1 V 



VIL 

1 Low Input Voltage 

1 (Except CLK) 


-0.5 

! — 

0.8 

1 V 



VIH 

1 High Input Voltage 

1 (Except CLK) 


2.2 

1 ~ 

VCC 

1 V 



VOL 

1 Output Low Voltage 

1 lOL = 2.0mA 

~ 

1 ” 

0.4 

1 V 



VOHl 

! Output High Voltage 

(I) 

1 lOH = -1.6mA 

2.4 

j 

— 

i V 



VOH2 

1 Output High Voltage 

1 (II) 

1 lOH = -250uA 

VCC-0.8 

1 ~ 

— 

1 V 



ILl 

1 Input Leakage 
i Current 

1 VSS< VIN< VCC 


1 

+ 10 

1 uA 



ILO 

! 3-state Output 

1 Leakage Current in 

1 Float 

1 VSS + 0.4< VOUT 

1 < VCC 

" 

1 - 

+ 10 

1 uA 



ICCl 

1 Power Supply Current 

1 VCC=5V Ip/f 

1 fCLK=(l) lAP/AF 

1 VILC=VIL 1 

- 

1 2 

5 

1 mA 





1 =0.2V |AP-6 

1 VIHC=CIH l/AF-6 

1 =VCC-0.2V| 

- 

1 3 

8 

1 mA 



ICC2 

1 Standly Supply 

1 Current 

1 VILC=VIL=0.2 

1 VIHC=VIH 

1 =VCC-0.2V 

- 

1 0.5 

10 

1 uA 



10 HD* 

1 Darlington Drive 

1 Current,(2) 

1 VOH=1.5V 

1 REXT = I.IK 1 

-1.5 

! 

-5.0 

1 mA 

1 



Note (1) fCLK=l/tcC(MIN.) 
(2) Port B only 
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4.3 AC ELECTRICAL CHARACTERISTICS 


TA = -40°C to 85®C, VCC = 5V + 10%, VSS = OV 






1 4MHz r 

6MHz r 


1 


NO. 

SYMBOL 

PARAMETAER 

iP/AP/AF 1 

AP-6/AF-61 

UNITl 





IMIN. 1 

MAX. 1 

MIN. 1 

MAX. 1 




1 

TcC 

Clock cycle time 

1 2501 

DC 1 

165| 

DC 1 

ns 



2 

TwCh 

High clock pulse width 

1 1051 

DC 1 

651 

DC 1 

ns 



3 

TwCl 

Low clock pulse width 

1 1051 

DC 1 

65 1 

DC 1 

ns 



4 

TfC 

Clock falling time 

1 ” 1 


- 1 

"TTTT 

ns 



5 

TrC 

Clock rising time 

! - 1 

30 1 

- 1 

20 1 

ns 



6 

TsCS(Rl) 

CE, B/A and C/D Set-up 
time for RD, lORQ 

1 1 

1 50| 

1 1 

1 

1 

50 1 

1 

1 

ns 



*7 

Th 

Hold time 

1 401 

- 1 

40 1 

- 1 

ns 



8 

TsRI(C) 

PD, lORQ set-up time for 
clock rise 

1 1 

1 1151 

1 1 

1 

1 

70 1 

1 

1 

ns 



9 

TdRI(DO) 

Delay from RD, lORQ fall 
to data output 

1 1 

1 1 

1 

3801 

1 

- 1 

1 

300 1 

1 

ns 



10 

TdRI(DOs) 

Delay from RD, lORQ rise 
to data float 

1 1 

1 1 

1 

110] 

1 

- 1 

1 

70 1 

1 

ns 



11 

TsDI(C) 

Data set-up time for 
clock rise 

1 501 

1 1 

1 

401 

1 

ns 



12 

TdlO(DOI) 

Delay from lORQ fall of 
INTA cycle to data output 

1 1 

1 1 

1 

1601 

1 

- 1 

1 

120 1 

1 

ns 



13 

TsMl(Cr) 

M1=L set-up time for 
clock rise 

1 1 

1 901 

1 1 

1 

1 

70 i 

1 

1 

ns 



14 

1 TsMl(Cf) 

M1=H set-up time for 
clock fall (Ml cycle) 

1 1 

1 ol 

1 1 

1 

1 

o| 

1 

1 

ns 



15 

i TdMl(IEO) 

Delay from Ml fall to 
lEO fall 

1 1 

i 1 

1 

1901 

( 1)1 

- 1 

1 

100 1 

1 

ns 



16 

TsIEl(IO) 

lEI set-up time for lORQ 
fall (INTA cycle) 

1 1 

1 1401 

1 i 

1 

1 

1001 

1 

i 

ns 



17 

TdlEI(IEOf) 

Delay from lEI fall to 
lEO rise 

1 1 

1301 

1 

~ 1 

120 1 

1 

ns 



18 

TdlEI(lEOr) 

Delay from IKI rise to 
lEO fall 

i 1 

1601 

1 

- 1 

150 1 

1 

ns 



19 

TcIO(C) 

I0RQ=H set-up time for 
clock fall 

1 1 

1 2001 

1 1 

1 

1 

170 1 

1 

1 

ns 



20 

TdC(RDYr) 

Delay from clock fall to 
READY rise 

1 1 

1901 

1 

— 1 

170 1 

i 

ns 



21 

TdC(RDYf) 

Delay from clock fall to 
READY fall 

1 1 

140 1 

1 

“ I 

120 1 

1 

ns 



22 

TwSTB(C)) 

STROBE pulse width 

1 1501 

1 ( 2)1 

1 

1 

1201 

1 

ns 
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I 4MH 

z 1 6MHz 1 



NO. 

T 

I 

SYMBOL 

"1 PARAMETAER 

1 

IP/AP/AF IAP-6/AF-6/1 
IMIN.|MAX.IMIN.IMAX.| 

UNITl 


23 

i 

I 

I 

I 

I 

TsSTB(C) 

1 

1 Set-up time of STROBE 

1 rise for clock fall 

1 (in case of making READY 

1 to active by next cycle) 

1 r 

1 2201 

1 1 

1 1 

1 1 

^ r 

- 1 1501 

1 1 

1 1 

1 1 

r 

1 

1 

1 

ns i 


24 

T 

I 

I 

I 

TdlO(PD) 

1 Delay from lORQ rise to 

1 port data stable 

1 (Mode 0) 

1 1 

i 1 

1 i 

1 

o 

<x> 

1 

1601 

1 

1 

ns 1 


25 

I 

i 

I 

TsPD(STB) 

1 Data set-up time for 

1 STROBE rise 

1 (Mode 1) 

1 2301 

1 1 

1 1 

- 1 1901 

1 1 

1 1 

1 

1 

ns 1 


26 

I 

I 

I 

TdSTB(PD) 

1 Output data delay time 
i from STROBE fall 

1 (Mode 2) 

1 1 

1 1 

2101 - 1 

1 1 

1 1 

1801 

1 

1 

ns 1 


27 

I 

I 

I 

_i 

TdSTB(PDr) 

1 

1 Delay from STROBE rise 

1 to data float 

1 (Mode 2) 

1 1 

1 1 

1 I 

1 1 

1801 - 1 
i 1 

i 1 

1 

1601 

i 

1 

ns i 


28 

I 

_L 

TdPD(INT) 

! Delay from port data 

1 match to INT fall 
i (Mode 3) 

1 1 

1 1 

490i - 1 

1 1 

1 1 

4301 

1 

1 

ns ! 


29 

i 

I 

I 

TdSTB(INT) 

1 

1 Delay from STROBE rise 
i to INT fall 

1 (Mode 2) 

1 1 

1 1 

1 1 

1 1 

4401 - 1 

i 1 

1 1 

1 

350 i 

i 

1 

ns 1 


Note 1 Item with * mark (No.7) is not compatible with NMOS Z80 PIO. 

Note 2 (1) If the daisy chain is at N stage, 

2.5 TcC>(N-2)TdIEI(IE0f)+(TdMl(IEO)+TsIEI(IO)+TTL buffer delay 
must be satisfied. 

(2) In Mode 2, TwSTB>TsPD(STB) must be satified. 

(3) AC test condition : Input - VIH=2,4V, VIHC=VCC~0.6V, VIL=0.4V, 

VILC=0.6V 

Output ~ VOH=2.2V, VOL=0.8V 
CL=100pF 


4.4 Capacitance 
TA = 25°C 


SYMBOL 

1 ITEM 1 

TEST CONDITION 

IMIN.ITYP.iMAX. 

1 UNIT 1 


1 Clock Input T 

1 Capacitance 1 

f=lMHz 

All terminals except that 

r”” 

H 


1 Input Capacitance 1 

to be measured should be 

—■a 



1 Output Capacitance 1 

earthed. 


bsB 
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3.2M1N I _, ,5.0 MAX 





I 0.5±0 15 
1.4±0.1 5 


This dimension is measured at the cent 
leads. 

Each lead pitch is 2.54ram, and all the 1 
jf0.25mm from their theoretical position 
and No.40 leads. 
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TMPZ84C30P, TMPZ84C30AP, TMPZ84C30AP-6, TMPZ84C30F, TMPZ84C30AF, TMPZ84C30AF-6 
TLCS-Z80 CTC: COUNTER TIMER CIRCUIT 

1. General Description and Features 

The TM^Z84C30P (hereinafter referred to as CTC) is CMOS version of Z80 
CTC and has been designed to provide low power operation. 

The TMPZ84C30P is fabricated using Toshiba's CMOS Silicon Gate 
Technology. 

The principal functions and features of the CTCs are as follows, 

(1) Compatible with the Zilog Z80 CTC. 

(2) Low power consumption 

3mA Typ. (@5V @4MHz) ... TMPZ84C30P/F 
2.5mA Typ. (@5V @4MHz) ... TMPZ84C30AP/AF 
4mA Typ. (@5V @4MHz) ... TMPZ84C30AP-6/AF-6 
lOuA Max. (@5V, Stand-by) 

(3) DC to 4MHz operation ... TMPZ84C20P/F, TMPZ84C20AP/AF 
DC to 6MHz operation ... TMPZ84C20AP-6/AF-6 

(4) Signle 5V power supply and single-phase clock. 5V + 10% 

(5) Capable of driving Darlington transistors. 

(6) Four independent countor/timer channels each of which is capable of 
independently selecting Timer Mode and Counter Mode. 

(7) Each channel is provided with a prescaler to divide system clock into 
16 or 256. 

(8) Built-in interrupt control logical operation circuit allows priority 
processing of interrupt in Daisy-chain structrure and automatic 
loading of 8 bit interrupt vector on the system bus. 

(9) Four channels occupy 4 successive positions in the Daisy-chain 
structure. Most significant channel is Channel 0 and least 
significant channel is Channel 3. 

(10) In both modes, at the zero count, the content of the time constant 
register is automatically loaded on the down counter. 

(11) In either Counter Moder or Timer Mode, the content of the down 
counter is readable by the microporcessor (hereinafter referred to as 
MPU) . 

(12) Interrupt function available in Z80 MPU Mode 2. 

(13) In Timer Mode, the timer operation is selectable at the rise or fall 
of the starting trigger. In addition, in Counter Mode the decrement 
(-1) of the content of the down counter either at the rise or fall of 
external clock is selectable. 

(14) Programming to generate interrupt by zero count by the down counter 
in each channel is possible. 

(15) 40 pin DIP package, 44 pin Mini Flat package. 


(Note) Z80(R) is a registered trademark of Zilog Inc., U.S.A 
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2. Pin Connections and Pin Functions 

2.1 Pin connections (Top View) 

The pin connections of the CTC are as shown in Fig. 2.1. 
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c 

13 
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c 

14 


15 

bcLK 



(Note) NC must be used at open condition. 
*ICV must be used at open 
Condition or Connected with Vcc. 
(a) DIP Pin Connection (b) MFP Pin Connection 

Fig. 2.1 DIP Pin Connections 


2.2 Pin names and functions 

I/O pin names and functions are as shown in Table 2.1. 

Table 2.1 Pin Names and Functions 


Pin Name 

1 Number 

1 Input/Output 1 

Function 


1 of Pin 

1 3-state 1 


DO - D7 

1 8 

1 I/O 1 

8-bit bidirectional data bus. 


1 

1 3-state 1 

Data transfer between MPU and PIO 

RD 

1 

1 1 

1 1 

1 Input 1 

Read signal. _ 

This signal is used in combination with lORQ 


1 

1 

1 1 

1 1 

and CEP signals for transfer of data and 
channel control words between MPU and CTC. 

ZC/TOO 

1 1 

1 

1 Output 1 

1 1 

In both counter and timer modes the output 
is an active high pulse when the down- 

ZC/T02 

1 

1 1 

counter decrements to zero. 
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Pin Name | Number 
I of Pin 


Input/Output I 
3-state I 


lORQ 


Input 


lEO 


Output 


INT 


Output 


lEI 


Input 


MI 


Input 


CLK 


Input 


CE 


Input 


RESET 


Input 


CSO - CSl 


Input 


Function 


I/O request signal. _ 

This signal is used in combine with RD and 
CE signals for transfer of data and channel 

control words between MPU and CTC. _ 

Interruption enable output. 

Controls interruptions by subordinate peri¬ 
pheral LSI's in the Daisy-chain structure. 
This terminal becomes H level only when the 
lEI terminal is at H level and MPU is not 
providing the interruption service to chan- 

nels in CTC. _ 

Interruption request. 

This terminal becomes L level if a down- 
counter for any channel in CTC counts zero 
when the lEI terminal is at H level and 

interruption is authorized by a program. _ 

Interruption enable input. 

This terminal indicates presence of inter- 

ruption by a host peripheral LSI. _ 

Machine cycle 1. 

Informs the machine c ycl e from MPU. In 
combination with the ROD signal, indicates 
that MPU fetches commands fr om th e memory, 
and in combination with the lORQ signal, 
indicates that MPU is in the interruption 
acknowledge cycle. This term inal is used, 
in combination with the lORQ signal, to send 

the interruption vector to MPU. __ 

Single-phase clock input. 

Single-phase Z80 standard system clock is 
inputted to this terminal. When this CLK 
terminal is in the DC state (high or low 
level), the CTC is placed in the stationary 

state. ___ 

Chip enable. 

Used to write MPU-CTC channel control word, 
interruption vector, and time constant or 
to read the content of a downcounter for 
each channel in combination with the lORQ 

and RD terminals. _ 

Reset signal. 

When the reset signal is inputted to this 
terminal, all channels stop to operate and 
interruption enable bits in all ch annel 
control registers are reset. This RESET 
terminal must be kept at L level for at 

least 3 system clocks. _ 

Channel selection. 

Any one of four channels of the CTC is 
selected by 2-bit code at time of read/ 
write. 
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Pin Name 

1 Number | 
i o f P in 1 

Input/Output 1 
3~state 1 

Function 



CLK/TRGO 

CLK/TRG3 

1 1 

1 4 1 

f 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

Input 1 

External clock/timer trigger. 

There are 4 CLK/TRG terminals correrespond- 
ing to 4 channels. At the leading or 
trailing edge of active signals which are 
inputted through these terminals, the con¬ 
tent of down counter is decremented (-1) in 
Counter Mode, while the timer operation is 
started in Timer Mode. Active leading edge 
or trailing edge is selectable. 



Vcc 

1 1 

1 1 1 

1 1 

Power Supply! 

+ 5V 



Vss 

1 1 

1 1 1 

1 1 

Power Supply 1 

OV 
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3. Functional Description 

3.1 Block diagram 

The block diagram of CTC is shown in Fig. 3.1. 


DATA 
Dq ~ D 7 


CONTROL 

CE 

CSO 

Ml_ 

lORQ, 

RD 



ZC/TOO 

CLK/TROO 

ZC/TOl 

CLK/TROl 


CLK/TR02 


CLK/TR03 


lEO lEI INT 


Fig. 3.1 Block Diagram 


3.2 System cinfiguration 

The system configuration of CTC consists of four logical operation 
circuits as below. 

(1) MPU Bus Input/Output Logical Operation Circuit 

(2) Channel Control Logic 

(3) Interruption Control Logical Operation Circuit 

(4) 4 Independent Counter/Timer Channel Logical Circuit 

3.2.1 MPU bus input/output logical operaton circuit 

This is a circuit for connecting CTC to MPU. This circuit connects CTC 
directly to MPU without using other external circuit. However, if a 
system becomes large, it becomes necessary to provided an address decoder 
and a line buffer. 

3.2.2 Internal control logical operation circuit 

This circuit controls the overall chip operation function like the chip 
enable, reset and read/write circuit. 
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3.2.3 Interruption control logical operation circuit 

This circuit performs processes of MPU relative to interruption such as 
decision of priority, etc. 

Priority of peripheral LSI's is decided according to their physical 
locations in the Daisy-chain connection. 

3.2.4 Counter/timer channel logical operation circuit 

This counter/timer channel logical operation circuit consists of the 
following two registers and two counters. The figures shown in 
parentheses is number of bits. The configuration of this counter/timer 
channel logical operation circuit is shown in Fig. 3.2. 
o Time constant register (8-bit) 
o Channel control register (8-bit) 
o Downcounter (8-bit) 
o Prescaler (8-bit) 



CLK/TRO 


Fig. 3.2 Counter/Timer Channel Logical Circuit 

(1) Timer constant register 

This register retains time constants that are written into the down- 
counter. When the CTC is initialized or the downcounter counts zero, 
time constants are loaded on the downcounter. Time constants are set 
immediately after MPU writes channel control word into the channel 
control register. Time constants that can be set are integers ranging 
from 1 to 256. 

(2) Channel control register 

This register selects channel modes and conditions by the channel control 
word provided from MPU. 

(3) Downcounter 
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The content of the time constant register is loaded on this downcounter 
and its content is decremented (-1) at every edge of external clock in 
case of Counter Mode and for every clock output of the prescaler in case 
of Timer Mode. The content of the time constant registger is loaded at 
time of initialization and when the downcounter counts zero. 

The content of the downcounter can be read out anytime. In addition, it 
is also possible to program so as to generate an interruption request 
every time when the downcounter counts zero. 

(4) Prescaler 

The prescaler is used only in Timer Mode and divides the system clock 
into 1/16 or 1/256. Whether the system clock is to be divided into 16 or 
256 is programmed by the channel control word. Further, output of the 
prescaler becomes clock input to the downcounter. 

3.3 Basic operation 

3.3.1 Reset 

After power ON, the CTC is in the unstable state. To stabilize the CTC, 
apply a signal of L level to the RESET terminal. Before starting any 
channel in Counter Mode or Timer Mode, it is necessary to write the 
channel control word and time constant data into the registers for the 
channel to be started. In addition, to make a programming to enable 
interruption, it is necessary to write the interruption vector words into 
the interruption control circuit. When these data are written into the 
CTC, it becomes ready to start. 

3.3.2 Interruption 

The CTC is capable of producing the interruption while MPU is operating 
in Mode 2. 

The interruption by the CTC can be programmed for each channel and the 
interruption request signal (INT) is output every time when the 
downcounter of each channel counts zero. When MPU accepts the 
interruption request from the CTC, the CTC outputs the interruption 
vector. Based on this interruption vector, MPU designates the top 
address of the interruption processing routine and MPU starts the 
interruption process by calling this interruption processing routine. 

Since MPU designates the top address of the interruption processing 
routine by the interruption vector received from the CTC, users can call 
optional address by changeing this vector value. 

The interruption process is ended when MPU executes RETI command. The 
CTC is provided with the RETI command decoding circuit and is therefore 
able to know end of the interruption process by constantly monitoring the 
data bus. 

Interruption priority among peripheral LSIs is decided by their 
connection in the Daisy-chain structure. Peripheral LSIs are connected 
in series and higher priority is given to peripheral LSIs which are 
located physically more closer to MPU. Further, as to the priority of 
channel in the CTC, the highest priority is given to channel 0 and 
priority beocmes lower in order of Channel 1, 2 and 3. 
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Peripheral LSI's have the signal lines for the lEO and lEI terminals, and 
the lEO terminal of a host peripheral LSI is connected to the lEI 
terminal of a subordinate peripheral LSI. However, the lEI terminal of a 
peripheral LSI with the highest priority is connected to the +5V power 
terminal and the lEO terminal of a lowest priority peripheral LSI is not 
used. Interruption under this condition is generated according to the 
following rules: 

o When the lEO and lEI terminals are both at H level, no interruption is 
generated. At this time, the INT terminal is at H level. In this 
state, the interruption request can be available, 
o When the CTC output the interruption request signal (INT), this CTC 
resets the lEO terminal to L level. When the interruption is accepted 
by MPU, the INT terminal returns to H level, 
o When the lEI terminal becomes L level, the lEO terminal also becomes L 
level. 

o When the lEI terminal is at L level, no interruption request can be 
available. 

o If the lEI terminal is turned to L level while the interruption is 
generating, the interruption process is kept suspended. 

3.3.3 Operation Modes 

The CTC is operated in the following alternative operation modes. 

Selection of these modes is performed by writing the channel control 
word. 

o Counter Mode 
o Timer Mode 

(1) Counter mode 

In counter mode, number of input edges at the CLK/TRG terminal is counted 
and after inputting pulses. The content of the downcounter is 

decremented by -1 synchronizing with the rise of next system clock. 
Pulse edge to be counted can be designated either at the leading or 
trailing edge by the channel control word. 

When the content of the downcounter becomes zero, time constant data that 
are written into the time constant register are automatically loaded into 
the downcounter. To load new time constant data into the downcounter, 
new time constant data is written into the time constant register. These 
new data will be loaded after the present counting operation is ended. 

(2) Timer mode 

In timer mode, a time interval of integral number times of the system 
clock cycle is generated. The time interval is measured on the basis of 
the system clock, and system clock is supplied to the prescaler. The 

prescaler divides this system clock into 1/16 or 1/156. Further, output 

of the prescaler is used as the clock to decrement (-1) the downcounter. 
Time constant data is automatically loaded onto the downcounter every 
time when the downcounter counts zero in the same manner as in Counter 
Mode. 

When the content of the downcounter is reduced to zero, pulse in the 
fixed cycle is output from the ZC/TO terminal. 

This pulse is given by the following formula: 


- 208 - 



INTEGRATED CIRCUIT 


TOSHIBA 

TMPZ84C30P, TMPZ84C30AP/AP-6 

TECHNICAL DATA 

TMPZ84C30F, TMPZ84C30AF/AF-6 


tc * P * TC 

tc : System clock cycle 
P : Prescaler value (16 or 256) 

TC : Time constant data (256 at OOH) 

Whether the starting of the timer operation is automatically mode or 
performed at the edge of the CLK./TRG terminal and case of the CLK/TRG 
terminal, whether it is performed at the leading edge or trailing edge is 
designated by the channel control word. 

3.4 Status change flowchart and basic timing 

3.4.1 Status change flowchart 

The status change flowchart of CTC is shown in Fig. 3.3 
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Fig. 3.4 (b) Status Change Flowchart of PIO 
3.4.2 Write cycle 

The write cycle is used for writing channel control word, interruption 
vector and time constant. 

In the next system clock T2, MPU changes the lORQ terminal of CTC to L 
level and starts the write cycle. At time of starting the write cycle, a 
2-bit code is added to the CSl and CSO terminals of the CTC to designate 
a channel. The CTC internal registers are ready to secure data at the 
system clock T3. Tw is in the waiting state which is automatically added 
by MPU. 
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Fig. 3.5 Write Cycle Timing 

3.4.3 Readout cycle 

The read cycle is used to read out the content of the downcounter. 

At the system clock T2, MPU sets the RD and lORQ terminals of the CTC at L 
level and starts the read cycle. At time of starting the read cycle, a 2-bit 
code is added to the CSl and CSO terminals of the CTC to designate a channel. 
The content of the downcounter at time of the rise of T2 is output to the data 
bus at the rise of the system clock Tw. Tw is the waiting state which is 
automatically added by MPU. 


T1 T2 Tw T3 T1 

CLK 

CSO,CSl.CL 

fOR^ 

RD 

Mi 
DATA 

Fig. 3.5 Read Timing 
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3.4.4 Counter mode 

In counter mode, the content of the downcounter is decremented (~1) 
synchronizing with the system clock by the edge of pulse added from the 
external circuit connected to the CLK/TRG terminal. Cycle of the pulse 
added to the CLK/TRG terminal must be larger by two times or more than 
the system clock. In addition, a setup time becomes necessary between 
the active edge of the CLK/TRG terminal and the rise of next system 
clock. If a setup time between the active edge of the CLK/TRG terminal 
and the rise of next system clock is short. The downcounter decrements 
its content by one (-1) one cycle behind the system clock. 

When the content of the downcounter becomes zero, H level pulse will be 
output from the ZC/TO terminal. 



Fig. 3.6 Counter Mode Timing 

3.4.5 Timer mode 

The timer operation is started by the second rise of system clock at the 
edge of pulse added from the external circuit conneced to the CLK/TRG 
terminal. Cycle of the pulse added to the CLK/TRG terminal. Cycle of 
the pulse added to the CLK/TRG terminal must be larger by two times or 
more than the system clock. In addition, a setup time becomes necessary 
between the active edge of the CLK/TRG terminal and the rise of next 
system clock. If a setup time between the active edge of the CLK/TRG 
terminal and the rise of next system clock is short. The timer starts 
one cycle behind the system clock. 



Fig. 3.7 Timer Mode Timing 

3.4.6 Interruption acknowledge cycle 

After transmitting the interruption reqeust signal (INT), the PIO sets 
the lEO terminal at L level to inhibit interruption request by low order 
LSI. 
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Receiving the interruption request signal (INT) from the CTC, MPU sets 
the Ml and lORQ terminals of the CTC at L level as the interruption 
acknowledge signal. The lORQ terminal becomes L level later than the Ml 
terminal by 2.5 system clocks. In order to stabilize the daisy chain 
connected signal lines, lEI and lEO signals, each channel cannot change 
interruption requests. 

The RD terminal is kept at H level to distinguish the command fetch cycle 
from the interruption acknowledge cycle. During this period, the 
interruption control logical operation circuit in the CTC decide the most 
high order channel requesting the interruption. If the lORQ terminal 
becomes L level when the lEI terminal is at H level, interruption vector 
is output to the data bus from the most high order channel requesting the 
interruption 

At this time, 2 system clocks are automatically inserted by MPU as the 
waiting state to keep stability of the daisy chain connection. 



Fig. 3.8 Interruption Acknowledge Timing 


3.4.7 Return from the interruption cycle 

Return from the interruption is effected when MPU executes RETl command. 
This RETI command must be used at the last stage of the interruption 
processing routine. The execution of this RETI command by MPU returns 
the lEI and lEO terminals of the CTC to the state before interruption. 

RETI command is a two byte command and its code is EDH and 4DH. The CTC 
decodes the codes of RETI command and decides a port which makes next 
interruption request. In the daisy chain structure, at the point of time 
when the command code EDH is decoded, the lEI terminal of a peripheral 
LSI making the interruption is kept at H level and the lEO terminal at L 
level. If the code following EDH is 4DH, an LSI that transmitted the 
interruption immediately before the decoding, that is, only the LSI with 
lEI terminal at H level and lEO terminal at L level is returned from the 
interruption. As a result, the interruption process of a low order 
peripheral LSI of which interruption process was suspended. 
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Fig. 3.9 Interruption Return Timing 
3.5 Operating procedures 

In order to operate the CTC in Counter Mode or Timer Mode, a channel 
control word and time constant data must be written into the CTC. To 
authorize any interruption by a channel control word, the interruption 
vector must be written into the CTC. 

(1) Channel control word 

To write a channel control word into the CTC, designate a channel by 
inputting a 2-bit code into the LSI terminal and the LSI terminal. Codes 
for respective channels are shown in Table 3.1. 


Table 

3.1 

Channel 

Codes 



1 Input 

Terminal| 



1 CSl 

1 

CSO 1 

i I 

0 

1 0 

1 

0 1 

I Chan- I 

1 

1 0 

1 

0 1 

I I 

2 

1 1 

1 

0 1 

I Chan-1 

3 

1 1 

1 

1 1 


The channel control word is written into the CTC is 8 bits. The system 
data bus DO to D7 correspond to bit 0-7. 

The meaning of each bit is outlined in Fig. 3.10. The function of each 
bit is shown in Table 3.2. 

D7 _D6_D5_D4_D3_D2_D1_ DO 

I Inter- | Counter 1 Pres- | Edge | Trigger 1 Time 1 Reset 1 1 1 

1 ruption | timer | caler | _ j _ | constant | _ I_I 

Fig. 3.10 Channel Control Words 

In case of the channel control word, DO must always be 1 (D0=1). 
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Table 3.2 Meanings and Functions of Channel Control Words 


Bit 1 Meaning 

I _ 0 ___^ _ 

1 Channel interruption is in- 
1 hiE)ited. 


Bit 1 
7 1 

(D7) i 


i 


I A channel is mode in timer 
Bit I mode. 

6 1 System clock is input into 

(D 6 ) I the prescaler divided and 
I output to the downcounter. 


Bit I Used only in timer mode. 

7 I The prescaler is set so as 
(D7) 1 to divide the system clock 

_ I into 1/16. _ 

1 In timer mode, the timer 
I operation is started at the 
I trailing edge of the trigger 
Bit I pulse (CLK/TRG). 

4 1 In counter mode, the content 

(d4) 1 of the downcounter is de- 

1 cremented by one (- 1 ) at the 
I trailing edge of the externa 

_ I clock pulse (CLK/TRG). 

1 Used only in timer mode. 

I The timer operation is 
I started at the leading edge 
1 of the trigger pulse clocks 
Bit I after a time constant is 
3 I loaded onto the downtimer. 
(D3) I 


I 


and Functon _ 

J_1_ 

I Authorizes channel interruption. 

I In either counter mode or timer 
I mode, this bit requests the inter- 
I ruption to MPU whenever the content 
I of the downcounter becomes zero. 

I If this bit is set at 1 , the inter- 
I ruption vector must be written into 
i ^the CTC before starting the down- 
1 counter. Further, if the channel 
1 control word with this bit set to 1 
1 it is written into the CTC. The 
1 interruption is generated when the 
1 content of the downcounter becomes 
1 zero first after a new channel 

I control word is written. _ 

1 A channel is made in counter mode. 

I The content of the downcounter is 
1 decremented by 1 (- 1 ) at every edge 
I of each trigger that is input into 
I the CLK/TRG terminal. The prescaler 

I is not used in counter mode. _ 

I Used only in timer mode. The 
1 prescaler is set so as to divide the 
I system clock into 1/256. 


In timer mode, the timer operation 
is started at the leading edge of 
the trigger pulse (CLK/TRG). 

In counter mode, the content of the 
downcounter is decremented by one 
(- 1 ) at the trailing edge of the 
external clock pulse. 


Used only in timer mode. The timer 
operation is started at the leading 
edge of the external trigger pulse 
that is input 2 system clocks after 
a time constant is loaded onto the 
downcounter. 

When a time lag between the system 
clock and trigger pulse satisfies a 
setup time, the prescaler starts to 
operate from the second leading 
edge of the trigger pulse. If a 
time flag between the system clock 
and trigger pulse does not satisfy 
the setup time. The prescaler 
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Bit 


Meaning and Functon 


Bit 

3 

(D3) 


I This bit (0) indicates that 1 
I there is no time constant 1 
1 written after a channel con 1 
1 trol word. However, the chan-1 
1 nel is in the reset state and 1 
Bit 1 this bit cannot be changed to 1 
2 1 "0" in the channel control 1 

(D2) 1 word which is given first 1 
1 after the channel reset. ! 

I To change other state without! 
1 changing a time constant, 1 
1 input a channel control word | 

_ I with this bit changed to 0. | 

1 The present channel operation 1 
1 is continued. | 


I 


Bit 

1 

(Dl) 


I 

1 


I 


_ 1 _ 

starts to operate at the leading 
edge of the trigger pulse after 3 
system clocks. If the trigger pulse 
is inputted before leading of a time 
constant, the operation is the same 

as that when Bit 3 = 0. _ 

This bit (1) indicates that there is 
a time constant written immediately 
after a channel control word. If a 
time constant is written while the 
downcounter is operating, a new time 
constant is set in the time constant 
register. The counting which is in 
progress is carried out continuously 
and only after the content of the 
downcounter becomes zero, a new time 
constant is loaded onto the down- 
counter . 


The downcounter operation is stop¬ 
ped. When this bit is set to 1, 
the channel operation is stopped 
but all bits in the channel control 
register remain unchanged. 

When Bit 2=1 and Bit 1=1, the chan¬ 
nel stops to operate until a new 
time constant is written. After a 
new time constant is programmed, the 
preparation for reopening the chan¬ 
nel is performed and the channel is 
reopened according to a value set 
for Bit 3. When Bit 2=0 and bit 1= 
1 , the channel operation is not 
started until a new channel control 
word is written. 


(2) Time constant data 

In timer mode or counter mode it is necessary to write time constant data 
into the time constant register. 

When the channel control word Bit 2 (D2) is 1, time constants are written 
into the time constant register immediately after the channel control 
word is written. Time constant data are integers in the range from 1 to 
256. When 8 bits of this data are all 0, it is regarded as 256. 

The bit configuration of time constant data is shown in Fig. 3.11. 

1 D7 i D 6 i D5 i D4 \ D3 1 D2 I Dl ^ DO | 

I I I 1 I 1 I I I 

TC7 TC 6 TC5 TC4 TC3 TC2 TCI TCO 
Fig. 3.11 Time Constant Data 
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(3) Interruption vector 

In the interruption when MPU is in Mode 2, it is necessary for the 
channel requesting the interruption to give the interruption vector to 
MPU. The interruption vector is written into the interruption vector 
register for Channel 0 with Bit 0 (D)) set to 0. The write method is the 
same as that to write the channel control word into Channel 0. However, 
bit 0 (DO) must be always zero. Bit 7 (D7) to Bit 3 (D3) are values 
given by user. Bit 2 (D2) and Bit 1 (Dl) are values given automatically 
by the CTC and a code of a channel with the highest priority among 
channels requesting the interruption is used. The channel codes are 
shown in Table 3.3 and the bit configuration of interruption vector in 
Fig. 3.12. 

Table 3.3 Channel Codes 


Bit 2 (D2) i 

1 Bit 1 (01) 

T 

Channel No. 

1 


0 I 

1 0 

T 

0 

1" High 


0 I 

1 

1 

1 

11 

Prior- 1 

1 1 

1 0 

i 

2 

1 1 Low 

ity 1 

1 1 

i 1 

1 

3 

1 V 

1 


I V7 I V 6 I V5 I V4 I V3 I X I X I 0 I 


I__I I I I _ Fix to " 0 ”. 

I I __ Chennel codes 

I _ Interruption vector given 

by user. 

Fi.g 3.12 Interruption Vector 

3.6 Method of use 
(1) Counter mode 

A program when the interruption disabled is set using Channel 0 is 
explained. 

(a) The programming step is shown in fig. 3.13. 



Fig. 3.13 Counter Programming Step 
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INTEGRATED CIRCUIT 

TMPZ84C30P, TMPZ84C30AP/AP-6 

TOSHIBA 

TECHNICAL DATA 

TMPZ84C30F, TMPZ84C30AF/AF-6 


(b) The block diagram to change 100 KHz to 10 KHz is shown in Fig. 3.14. 

CHANNEL 0 


TIME CONCTANT 

PRES C A LER RPXJIS T ER 



Fig. 3.14 Counter Block Diagram 
(c) Channel control words are shown in Fig. 3.15. 


D7 D6 D5 D4 D3 D2 D1 DO 


INTERRUPT 

^ rn 


CHANNEL 

DISABLE 

NOT USED 

NOT USED 

RESET 


COUNTER MODE -1 IN LEADING SETTING OF CHANNEL 

OF EXTERNAL TIMER CONSTANT CONTROL WORD 

CLOCK 


Fig. 3.15 Channel Control Words 


(2) Timer mode 

(a) A programming step when the interruption disabled is set using Channel 
1 is shown in Fig. 3.26. 



Fig. 3.16 Timer Programming Step 
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INTEGRATED CIRCUIT 

TMPZ84C30P, TMPZ84C30AP/AP-6 

TOSHIBA 

TECHNICAL DATA 

TMPZ84C30F, TMPZ84C30AF/AF-6 


(b) The block diagram to change the system clock of 4 MHz to 1 KHz is shown 
in fig. 3.17. 

CHANNEL 1 


TIME CONSTANT 

PRESCALER REGISTER 



Fig. 3.17 Timer Block Diagram 
(c) Channel control words are shown in Fig. 3.18. 


07 D6 D5 D4 D3 D2 D1 DO 



TIMER MODE START THE TIMER SETTING OP CHANNEL 

OPERATION AT THE TIMER CONSTANT CONTROL WORD 

TRAILING OF THE 
EXTERNAL CLOCK. 

Fig. 3.18 Channel Control Words 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C40,41,42P/TMPZ84C40,41,42AP/A^6 
TMPZ84C43F/TMPZ84C43AF/AF-6 


4. ELECTRICAL CHARACTERISTICS 
4.1 ABSOLUTE MAXIMUM RATINGS 


Symbol 


I tern 


Rat 


ing 


Unit 


VCC 


Supply Voltage 


-0.5 to +7 


VIN 


Input Voltage 


-0.5 to Vcc + 0.5 


PD 


Power Dissipation (TA=85°C) 


250 


mW 


TSOLDER 


Soldering Temperature (10 sec) 


260 


TSTG 


Storage Temperature 


-65 to 150 


TOPR 


Operating Temperature 


-40 to 85 


4.2 DC ELECTRICAL CHARACTERISTICS 

TA = -40°C to 85°C, VCC = 5V + 10%, VSS = OV 



SYMBOL 

1 PARAMETER 

1 TEST CONDITION | 

MIN. 

ITYP. 

MAX. 

1 

UNITl 


VILC 

1 Low Clock Input 

1 Voltage 

1 

1 

1 

1 

-0.3 

1 

0.6 

1 

1 

V 1 


VIHC 

1 High Clock Input 

1 Voltage 

1 

1 

IVCC-0.6 

1 

1 

VCC+0. 

31 

1 

V 1 


VIL 

1 Low Input Voltage 

1 (Except CLK) 

1 

1 

1 

I 

-0.5 

1 

0.8 

1 

1 

V 1 


VIH 

1 High Input Voltage 

1 (Except CLK) 

1 

1 

1 

1 

2.2 

1 

VCC 

1 

1 

V 1 


VOL 

1 Output Low Voltage 

1 lOL = 2.0niA 1 

1 1 

- 

1 

0.4 

1 

1 

V 1 


VOHl 

1 Output High Voltage 

1 (I) 

1 lOH = -1.6mA 1 

1 1 

2.4 

1 



V 1 


VOH2 

1 Output High Voltage 

1 (II) 

1 lOH = -250uA 1 

1 1 

VCC-0.8 

1 

- 

1 

1 

V 1 


ILl 

1 Input Leak Current 

1 VSS< VIN< VCC 1 



+10 

1 

1 

uA 1 


ILO 

1 3-state Output 

1 Leakage Current in 

1 Float 

1 VSS + 0.4< VOUTI 

1 < VCC ^ 1 

1 1 

- 

1 

+10 

1 

1 

1 

1 

uA 1 




1 VCC=5V 

1 fCLK=(l) 

P/F 1 

- 

1 3 

7 

T 

1 



ICCl 

1 Power Supply Current 

1 VIH=VIHC 

1 *VCC-0.2V 

AP/AF| 

- 

1 

5 

1 

1 

mA 1 




1 VIL=VILC 

1 = 0 . 2 V 

AP -6 1 
/AF-61 

- 

1 ^ 

7 

i 

1 



ICC2 

1 Standly Supply 

1 Current 

1 VCC=5VIL*0.2 1 

1VIH=VIHC=Vcc-0.2| 
|V VIL=VILC=0.2vi 

- 

1 0.5 

10 

T 

1 

1 

uA 1 


lOHD* 

1 Darlington Drive 

1 Current,(2) 

jvOH=1.5V,REXT= 1 
ll.lK ohm.Applied! 
ito ZC/T00-ZC/T02i 

-1.5 

I - 

“5.0 

T 

1 

1 

mA 1 


Note (1) fCLK=l/tcC(MIN.) 


(2) Applied to ZC/TOO, ZC/TOl and ZC/T02. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C20P, TMPZ84C20AP/AP-6 
TMPZ84C20F, TMPZ84C20AF/AF-8 


4.3 AC ELECTRICAL CHARACTERISTICS 


TOPR = •“40°C to 85°C, VCC = 5V + 10%, VSS = OV 


4MHz 


6MHz 


NO. 


SYMBOL 


PARAMETER 


P/AP/AF 


MIN. 


MAX. 


AP-6/AF~6 


MIN. 


UNIT 


MAX. 


TcC 


I Clock cycle time 


250 


DC 


165 


DC 


ns 

ns 


TwCh 


High clock pulse width 


105 


DC 


65 


DC 


TvCl 


Low clock pulse width 
I ClockTalling time 


105 


DC 


65 


DC 

“2ir 


ns 

ns 

ns 

"tTs” 


TfC 


-w 


TrC 


Clock rising time 


30 


20 


Th 


Hold time 


^ __ 

TsCS(C) I CS set-up time for clock 

i rise _ 


160 


100 


TsCE(C) I CE set-up time for clock 

i fall 


150 


100 


TsIO(C) 


Set-up time up to lORQ 
fall for clock rise 


115 


100 


10 

TT 


TsRD(C) I Set-up time up to RD 

i fall for clock rise 


115 


70 


TdC(DO) I Delay from clock rise to 

_ I data output __ 


200 


130 


12 

TT" 


TdC(DOZ) 


I Delay from lORQ, RD rise 
I to data float__ 


no 


90 


TsDI(C) I Data input set-up time 

i for clock rise 


50 


40 


14 


TsMl(C) 


Ml set-up time for clock 
rise 


90 


70 


15 


TdMl(IEO) 1 Delay from Ml fall to 
! lEO fall (in case of 
I generating only inter- 
! ruption immediately 
before Ml cycle) _ 


190 


130 


16 

TT 


I 

TdlO(DOI) I Delay from lORQ fall to 
I data output (INTA cycle) 


160 


no 


TdlEI(IDOf) I Delay from lEI fall to 
_I lEO fall 


130 


100 


18 

TT 


I Delay from lEI rise to 
TdlEI(IDOr) | lEO rise (after ED 
_ I decode)__ 


160 


no 


TdC(INT) I Delay from clock rise to 
_I INT fall_ 


( 1 ) + 
140 I 


( 1 ) + 
120 
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integrated circuit 


TOSHIBA 

TMPZ84C30P, TMPZ84C30AP/AP-6 

TECHNICAL DATA 

TMPZ84C30F, TMPZ84C30AF/AF-6 





1 4MHz 

6MHz i 


NO. 

1 SYMBOL 

1 PARAMETER 

t P/AP/AF 

AP-6/AF-6 1 

UNITl 



1 

1 MIN. 

MAX. 

MIN.I MAX.I 


20 

1 TdCLK(INT) 

1 Delay from CLK/TRG rise 



i r 




1 to INT fall (Counter 



1 i 




1 mode) 



1 1 




! tsCTR(C) Satisfied 

1 

(19) + 

- |(19)+1 

ns 1 



1 


(26) 

1 (26)i 

1 



1 tsCTR(C) not Satisfied 

1 

(1) + 

- i(i)+ 1 

ns 1 



1 


(19) + 

1(19) 1 




1 


(26) 

1 (26)1 


21 

1 TcCTR 

1 CLK/TRG Frequency 

l2x(l) 

- 

- 1 40 1 

ns 1 

21 

! TcCTR 

1 (COUNT MODE) 



1 i 


22 

1 TcCTR 

1 CLK/TRG rising time 

1 

50 

- 1 40 1 

ns 1 

23 

1 TfCTR 

1 CLK/TRG falling time 

! 

50 

- 1 40 1 

ns 1 

24 

1 TwCTRl 

1 Low CLK/TRG pulse width 

1 200 

- 

120 1 - 1 

ns 1 


25 


TwCTRh 


Hi^h CLK/TRG pulse width 


200 


120 


26 


TsCTR(Cs) ! Set-up time up to CLK/ 

1 TRG rise for clock rise 
1 requiring immediate 
1 count (counter mode) 


210 


150 


27 


TsCTR(Ct) 1 Set-up time up to CLK/ 

1 TRG rise for clock rise 
! requiring immediate 
I start of prescaler 
_I (timer mode)_ 


210 


150 


28 

~ 29 ~ 


TdC(ZC/T0r) 


Delay 

ZC/TO 


from clock rise to 
rise 


190 


140 


TdC(ZC/T0f) 


Delay 

ZC/TO 


from clock fall to 
fall 


190 


140 


Note 1. AC test condition 

VIH=2.4V, VIHC=VCC-0.6V, VIL=0.4V, 

VOH=2.2V, VOL=0.8V CL=100pF 
Note 2 If the daisy chain is at N stage, 

2.5 TcC>(N-2)TdIEI(IEOf)+(TdMl(IEO)+TsIEI+TTL buffer delay must 
be satisfied. 

Note 3 (l):Tcc, (19):Tdc(INT), (26):TsCrR(Cs) 

4.4 Capacitance 
TA = 25°C 



SYMBOL 

1 ITEM r 

TEST CONDITION 

!MIN.ITYP. 

[max. i 

UNITl 


CCLOCK 

1 Clock Input 1 

f=lMHz 

1 “ 1 - 

1 5 

pF 1 



1 Capacitance 1 

All terminals except that 

1 1 

1 



CIN 

1 Input Capacitance 1 

to be measured should be 

1 ” 1 - 

1 5 

pF 1 


GOUT 

1 Output Capacitance 1 

earthed. 

1 - 1 - 

1 10 

_ef 1 


- 223 - 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMPZ84C30P, TMPZ84C30AP/AP-6 
TMPZ84C30F, TMPZ84C30AF/AF-6 





TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C30P, TMPZ84C30AP/AP-6 
TMPZ84C30F, TMPZ84C30AF/AF-6 


5. Package Dimension 
5.1 DIP Package 


Unit in mm 



Note 1, This dimension is measured at the center of bending point of 
leads. 

Note 2. Each lead pitch is 2.54mm, and all the leads are located within 
±0.25mm from their theoretical positions with respect to No.l 
and No.28 leads. 


Fig. 5.1 Package Dimension 


— 225 — 



TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6 
TMPZ84C43F/TMPZ84C43AF/AF-6 


TMPZ84C40P/41P/42P/43F TMPZ84C40AP/4lAP/42AP/43AF TMPZ84C40AP-6/42AP-6/43AF-6 
TLCS-Z80 SIO: SERIAL INPUT/OUTPUT CONTROLLER 

1. General Description and Features 

The TMPZ84C40(SIO/0) , TMPZ84C41(SIO/1) , TMPZ84C42(SIO/2) (hereinafter 
referred to as SIO) are CMOS version of Z80 SIO and have been designed to 
provide low power operation, 

SIOs are designed for the adaptation to the various serial data 
communications which are needed to the microcomputer system. 

SIOs are able to handle the asynchronous signal, the synchronous byte unit 
protocol and the synchronous bit unit protocol 1 ike HDLC and SDLC, 

SIOs are fabricated using Toshiba's CMOS Silicon Gate Technology. 

The principal functions and features of the SIOs are as follows. 

(1) Compatible with the Zilog Z80 SIO. 

(2) Compatible with the CCITT-X.25. 

(3) Compatible with the HDLC/SDLC. 

(4) Data transfer rate up to 800K bit/Sec 

(5) 2 independent full-duplex channels can be used. 

(6) Built-in CRC generation and checking function. 

(7) On chip daisy-chain structure interrupt circuit. 

(8) Low power consumption 

mA Typ. (@5V @4MHz) ... TMPZ84C40/41/42P, TMPZ84C43F 
2.5mA Typ. (@5V @4MHz) ... TMPZ84C40/41/42AP, TMPZ84C43AF 
4 mA Typ. (@5V @4MHz) ... TMPZ84C40/41/42AP-6, TMPZ84C43AF-6 

(9) Single power supply: 5V + 10% 

(10) Extended operating temperature: -40 C to 85 C 

(11) 40 pin DIP package, 44 pin Mini Flat package. 


(Note) 


Z80(R) is a registered trademark of Zilog Inc., U.S.A. 





TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6 
TMPZ84C43F/TMPZ84C43AF/AF-6 


2. Pin Connections and Pin Functions 

The pin connections, pin functions and functions of SIOs are described in 
this chapter. 

2.1 pin connections 

The pin connections of the SIOs are as shown in Fig. 2.1. 







SIO/l 






SIO/2 



(TMPZ84C40) 


(TMPZ84C41) 


(TMPZ84C42) 



(Note 1) NC must be used at 
open condition. 

(Note 2) *ICV must be used at 
open condition or 
connected with VCC. 


(TMPZ84C43) 


Fig. 2.1 pin Connections (Top View) 


— 228 — 






INTEGRATED CIRCUIT 


TOSHIBA 

TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6 

TECHNICAL DATA 

TMPZ84C43F/TMPZ84C43AF/AF-6 


However, it is necessary to choose the terminals in accordance with the 
purposes, because they are limited in number. The differences in SIO/0, 
SIO/1 and SIO/2 are shown in Fig. 2.2(a) SIOs version diagram. 



SIO/O SIO/0 SIO/0 


Fig. 2.2(a) SIOs Version (40-pin DIP) 

2.2 How to use TMPZ84C43 as SIO/0 or SIO/1 SIO/2. 

The Figure 2.2(b) shows six terminals to define TMPZ84C43 as SIO/0 or 
SIO/1 or SIO/2. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6 
TMPZ84C43F/TIIIIPZ84G43AF/AF-6 


The following table shows five terminals (No.25 through 29) of SIO in 
40-pin DIP corresponding to these of TMPZ84C43. 

Table 2.1 SIOs Version by TMPZ84C43 


Terminal 
of SIO in 
pin DIP 

No. 1 




TMPZ84C43 




1 

401 

as 

SIO/0 1 

as 

SIO/l 


as 

SIO/2 1 

1 Al 

1 

B 

1 C 1 A2 

“T 

B 

1 c 

1 A3 

n 

B 

1 c 1 

25 

i 

IDTRB 

1 

T“ 

1 

1 

10 

n- 1 - 

1 Output 1TxDB 

1 1 

1 

1 

11 

n - 

1 Output 

1 

— 

IDTRB 

1 

1 

1 

10 

j 1 

1 Output 1 

1 1 

26 

iTxDB 

1 

1 

1 

11 

1 Output 1TxCB 

1 1 

1 

1 

12 

1 Input 

1 

iTxDB 

1 

1 

1 

11 

1 Output 1 

1 1 

27 

1 

iRxTxCB 

I 

1 * 


1 1 

1 Input IRxCB 

1 

1 

13 

1 

11nput 

1 

iTxCB 

1 

1 

12 

1 1 

11nput 1 


1 

1 

iNote ll 1 

1 1 1 

1 

1 


1 

I 

1 

1 

1 

1 


1 1 

1 1 

28 

1 

iRxDB 

1 

1 

1 

1 

14 

1 i 

1 Input 1RxDB 

1 1 

1 

1 

1 

14 

1 

1 Input 

1 

I 

IRxCB 

1 

I 

1 

1 

13 

1 1 

1 Input 1 

1 1 

29 

1 

1 SYNCB 

1 

1 

15 

1** 1SYNCB 

1 

1 

15 

1 

1** 

1 

iRxDB 

1 

1 

14 

1 1 

1 Input 1 


1 

1 

1 


iNote 2| 

1 1 

1 

1 


iNote 2 
1 

1 

1 

1 

1 


1 1 

1 1 


(Note) 


(Note) 


Al: Signal Name of SIO/0 A2: 
B: Terminal No. of TMPZ84C43 


DTRB (terminal 
number 10) will not 
be used. 

The terminal may 
be open. 


Signal Name of SIO/1 A3: 
C: In/out 


I SYNCB (terminal 
1 number 15) will not 
I be used. 

I The terminal is 
I pulled-up internal- 
I ly, so it may be 

I open. _ 

Signal Name of SIO/2 


*Note 1) 
**Note 2) 


The terminal No.12 (TxCB) and No.13 (RxCB) must be connected 
externally when TMPZ84C43 will be used as SIO/0. 
Bi-directional 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6 
TMPZ84C43F/TMPZ84C43AF/AF-6 


2.2 Pm Names and tunctions 

Table 2.2 Pin Names and Functions 


Pin Name 

Number I 

Input/Output 

1 Function 


of Pin I 

3-state 

1 

DO - D7 

8 I 

I/O 

1 8-bit bidirectional data bus. 



3-state 

1 




1 Interrupt request signal. 

Int 

1 1 

Output 

1 This is used, in case SIOs request MPU 




1 the interrupt. Wired OR connection is 




1 possible (becuase of the open drain). 

lEI 

1 1 

Input 

1 Interrupt enable input signal. 

1 

lEO 

1 1 

Output 

i Interrupt enable output signal. 




1 lEI and lEO are used for the daisy-chain 




1 structure. When lEI terminal is "1" and lEO 




1 terminal is "0" the SIO is being serviced by 




1 a MPU interrupt service routine. 




1 Machine cycle 1. 

mT 

1 1 

Input 

1 When the both of Ml and lORQ are "0", the 




1 SIO is requesting the interrupt. 




1 Wait/ready signal A, wait/ready signal B. 

w/rdya 

2 1 

Output 

1 These can be used as wait signal or ready 

W/RDYB 



1 signal according to SlOs-programming. 




1 SIO becomes active on "0", when pins are 




1 programmed as "WAIT" and are not ready to 




1 receive the data for MPU. 




1 SIO become active on "0", when pins are 




1 programmed as "READY" and ready to receive 




I the data character for DMA. 




1 Synchronous signal. 

SYNCA 

*2 1 

I/O 

1 In case of the asynchronous receive mode, 

*SYNCB 



1 These pins become the same input terminals 




1 as CTS and DCD. 




1 In case of the external synchronous mode, 




1 pins become the input terminals and in case 




1 of the internal synchronous mode, become 




1 the output terminals. 

RxDA 

2 1 

Input 

1 Serial receive data 

RxDB 



1 




1 Receive clock signal. 

RxCA 

*2 1 

Input 

1 In asynchronous mode, pins can choose the 

*RxCB 



1 receive clocks which are 1, 16, 32 and 64 




1 times as large as the data transfer rate 




1 according to the program. 

TxDA 

2 1 

Output 

1 Serial transmit data 

TxDB 



1 




1 Data terminal ready signal. 

DTRA 

2 1 

Output 

1 These pins output the possibility or im- 

*DTRB 



1 possibility of the serial data receive. 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6 
TMPZ84C43F/TIIIIPZ84C43AF/AF-6 


Pin Name 

1 Number| 
lof Pinj 

Input/Output 1 
3-state 1 

Function 

RTS A 

RTSB 

1 1 

l 2 i 

1 1 

Output 1 

Transmit request signal. 

In serial data transmit, become "0”. 

CTSA 

CTSB 

1 1 

1 2 1 

1 1 

1 1 

Output 1 

Transmittable signal. 

When terminals are "0", SIOs can receive the 
serial data transmit of the modem which has 
sent these signals. 

DCDA 

1 1 

1 2 1 

1 1 

Input 1 

Data carrier detect signal. 

When terminals are "0", SIOs can enable the 
serial data transmit. 

CLK 

1 1 1 

1 1 

1 1 

1 1 

Input 1 

Single-phase clock input. 

Inputs Z80 standard system clock of single¬ 
phase. When CLK terminal is DC state (“I" 
or "0"), SIOs are in stationary sate. 


1 1 


I/O request signal 

lORQ 

1 1 1 

1 1 

1 1 

Input 1 

In case both of lORQ and CE are "0", the 
data or command are transferred between MPU 
and SIO by the combination of B/A and C/D. 


1 1 

1 1 1 

Input 1 

Chip enable signal 

When input becomes "0", SIOs are enabled. 

B/A 

1 1 

1 1 1 

Input 1 

Channel select signal 

Selects the channel (A/B). 

C/D 

1 1 

1 1 1 

Input ! 

Command/data select signal 

Selects the command and data. 

RD 

1 1 

1 1 1 

1 1 

1 1 

1 1 

Input 1 

Read signal. 

In case both of CE and lORQ are "0", if RD 
is "0", this pin performs the read operation 
and if RD is "I", this pin performs the 
write operation. 

RESET 

1 1 

1 1 1 

1 1 

1 1 

Input 1 

Reset signal. 

If RESET is turned into ”0", the receiver 
and transmitter become disabled and the 
serial data become the mark state. 


1 1 



*RxTxCB 

1 *1 1 

Input 1 

Bonding terminal of TxCB and RxCB. 

Vcc 

1 1 

1 1 1: 
1 1 

Power Supply 1 

+5V 

Vss 

1 1 

1 1 1: 
1 1 

Power Supply 1 

OV 


The asterisk (*) mark is difference in accordance with the three versions 
(SIO/0, SIO/1, SIO/2). 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6 
TMPZ84C43F/TMPZ84C43AF/AF-6 


3. Functional Description 
3.1 Block diagram 



DATA 

CLOCK 

SYNC 

WAIT/READY 


CONTROL LINE 


DATA 

CLOCK 

SYNC 

WAIT/READY 


CONTROL LINE 


Fig. 3.1 Block Diagram 


3.2 System configuration 
3.2.1 Architecture 

As shown in Fig 3.1, the SIO is composed of MPU bus interface, the 
internal control circuit, the interrupt control circuit and two full- 
duplex channels which operate independently. Each channel has the read 
register, the write register and the external control circuit which is 
conneced to the peripheral LSI or the external device. 

Table 3.1 shows the registers in the SIO and their functions. Each 
channel has eight write registers and three read registers. Refer to 3.4 
SIO programming for details. 

(1) Communication data path 

Fig. 3.2 shows the communication path of the transmi t/receive data of 
each channel. 

1] Receiving 

The receiver has 8-bit receive shift register and 3-stage 8-bit buffer 
register in FIFO configuration. Therefore, it is possible to get the 
sufficient time at the high speed data block transfer. Moreover, the 
receiver has the receive error FIFO for the purpose of holding the 
parity error, the framing error and the other status information. 

The receive data take the different paths according to the oepration 
mode and the character length as shown in Fig. 3.2. 
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Table 3.1 (a) Write Register 


Register 


Function 


Write register 
O(WRO) 


CRC reset. This is used for the setting of the 
register-pointer and command. 


Write register 
l(WRl) 


This is used for the setting of the interruption 
mode. 


Write register 
2(WR2) 


Register for the setting of the vector which is 
sent out at interruption (Channel B only) 


Write register 
3(WR3) 


Register having the parameter for the control 
of receiver 


Write register 
4(WR4) 


Register having the parameter for the control 
of receiver and transmitter 


Write register 
5(WR5) 


Register controlling the transmitter 


Write register 
6(WR6) 


Register for the setting of the synchronous 
character and the address field of SDLC 


Write register 
7(WR7) 


Register for the setting of the synchronous 
and the flag of SDLC 


(a) Write Register 


Register 


Write register 
O(WRO) 


Write register 
l(WRl) 


Write register 
2(WR2) 


Function 


Indicates the state of transmit/receive and the 
state of terminals. 


Indicates the error status and terminals number 
code. 


Indicates the content of the interruption 
vector. (Channel B only) 
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Fig, 3.2 Transmit/Receive Data Path (Channel) 

0 Asynchronous mode 

In the asynchronous mode, when the character length is 7 or 8 bit, the 
receive data enter into 3“bit buffer and when it is 5 or 6 bit, data 
enter into 8-bit receive shift rfegister jumping 3-bit buffer. 

o Synchronous mode 

In the synchronous mode, the data path changes according to the then 
receive processing steps. The receive operaiton begins at the hunt 
phase. In this mode, the receiver seeks the bit pattern which 
coincides with the synchronous charcter which has been programmed 
within the receive data. When SIO is programmed in the mono- 
synchronous mode, the receiver seeks the bit pattern which coincides 
with the synchronous character which is set in WR 7. And when SIO is 
programmed in the bi-synchronous mode, the receiver seeks the bit 
pattern which coincides with the two successive synchronous characters 
which are set in WR 6 and WR7. 

When the synchronization is once settled, the subsequent data do not 
pass the synchronous register and so enter into 3-bit buffer. 

o SDLC mode 

In SDLC mode, the synchronous register always monitors the receive data 
and the zero, elimination is carried out if necessary. 

When the synchronous register detects the successive five within 

the receive data and the next bit is this register eliminates the 

*’0”. Moreover, if the next bit is this register monitors the 

second next bit* 
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If this bit is ”0", it must be recognized as the flag and if it is "I", 
it must be recognized as the abort sequence (the successive seven "1"). 
The reformatting data enter into the receive shift register through 
3~bit buffer. When the synchronization is once settled, the subsequent 
data take the same path regardless of the character length. 

2] Transmitting 

The transmitter has 8-bit transmit data register and 20-bit transmit 
shift register. 20-bit transmit shift register reads the data from WR 
6, WR 7 and the transmit data register. 

o Asynchronous mode 

In the asynchronous mode, the data in 20-bit transmit shift register 
are sent to the transmit multiplexer with the start bit and the stop 
bit. 

o Synchronous mode 

In the synchronous mode, WR 6 and WR 7 hold the synchronous character. 
Furthermore, these contents are sent into 20-bit transmit register as 
the synchronous character at the time of the data block transmit. If 

the transmitter underrun state occurs during the trasnsmission of the 

data block, the contents sent into 20-bit transmit register as the idle 
synchronous character. 

o SDLC mode 

In SDLC mode, WR 6 holds the station address and WR 7 holds the flag. 
The flag (WR 7) is sent into 20-bit transmit shift register at the 

beginning and end of the frame. With regard to all other field in the 

data, one "0" is inserted after the successive five "1". 

(2) I/O function 

When the transmit/receive of the informations are carried out with MPU, 
one of the polling mode, interrupt mode or block transfer mode is chosen 
as SIO mode. 

o Polling 

In order to operate SIO in the form of polling mode, every interrupt 
modes must be inhibited. In this mode, MPU reads the status bit DO and 
D2 within each channel RR 0 and so checks the possibility of transmit/ 
receive. 

o Interrupt 

SIO interrupts are composed of the transmit interrupt, receive 
interrupt and external/status interrupt. Enabling and disabling the 
interrupt are executed by using the program. The receive interruption 
is further divided into the following three modes. 

o Interrupt in the first receive character 
o Interrupt in the full receive character 
o Interrupt in the special receive condition 
The priority order of the interrupt of the channel A is higher than 
that of the channel B. The order in the same channel is the receive-, 
transmit- and external/status interrupt. 
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The SIO has as well as the other peripheral LSI the daisy-chain 
sturcture interruption priority order control function and the 
interrupton vector generation function. Furthermore, SIOs have "Status 
affect vector" function. This status affect vector is the function 
whicl;! can output the four kinds of vectors according to the 
interruption factors. 

o Block transfer 

SIOs have the block transfer mode and so can adapt the mode to MPU 
block transfer and DMA controller. 

W/RDY line is used for the block transfer. This line is used as WAIT 
line for MPU block transfer and is used as READY line for DMA block 
transfer. The ready output of SIOs can transmit the data to DMA 
controller. Further, the wait output of SIOs can not ready to transmit 
the data and so request the delay of the output cycle. 

3.2.2 Operation 

(1) Asynchronous mode 

In asynchronous mode, in order to transmit/receive of data, it is 
necessary to program the character length, clock rate, interruption mode, 
etc. All these parameters are written into the write register, but only 
WR 4 should be programmed prior to other registers. 

In data transmit, it is not started until transmit enable bit has been 
set, but when auto-enable bit is set, SIOs start to transmit immediately 
after CTS terminal has become "0", so a programmer can transmit messages 
to SIO, needless to wait for CTS. 

The data format of the asynchronous mode is shown in fig. 3.3. 


MARKING 


T I— r —r 

8 DO I D1 1 D2 I I Dn I 

1_l__L_J_ 

t \ 

n = 5.6.7 I \ 


MARKING 


STOP BIT 


START BIT 


PARITY BIT 


DIRECTION OF MESSAGE 


Fig. 3.3 Data Format of Asynchronous Mode 

1] Transmitting 

Serial data are output from TxD terminal, whereby the transmitting 
clock rate can be programmed at any of 1, 1/16, 1/32 or 1/64 of the 
clock rate furnished to transmit clock input (TxC). In addition, these 
data are output at leading edge of TxC. 

2] Receiving 

Receiving operation of asynchronous mode starts when receiving enable 
bit (DO of WR 3) is set. When receiving data input RxD is set at "0" 
for at least 1/2 bit time, SIOs take it a start bit and sample out the 
input data at the middle of bit time. In addition, the sampling is 
carried out at the trailing edge of Rxc. 
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When a receiver receives the data of the other character length than 8 
bit, it converts them into such data as composed with necessary bit, 

parity bit, and by making free bit as ”1". ___ 

(Example) The case of 6-bit character | 1 | P| D5| 041031 D2| D11^ | 

When external/status interruption is enabled, if it detects break state 
during receiving data, it generates interrupt, and then break/abort 
status bit (D7 of RR 0) is set, while SIOs wait the release of break 
state, monitoring the transmit data. Further, when no-active state of 
DCD terminal lasts longer than the time of a specified pulse width, 
interrupt is generated and DCD status bit is set at "1". 

In the polling mode, MPU must read out the data, detecting significant 
bit (DO of RR 0) of receiving character. This bit is automatically 
reset, whenever it reads.out a receiving buffer. In this mode, caution 
is requested to prevent double writing, by checking the status of 
transmit buffer prior to writing into a transmitter. 

(2) Synchronous mode 

In the synchronous mode, though there are three kinds of character 
synchronization which are monosynchronization, bisynchronization and 
external synchronization, the clock of xl is used both for transmit/ 
receive. Receiving data is sampled at the trailing edge of receive clock 
input (RxC), while tranmsitting data varies at the leading edge of 
transmit clock input. 

The data format of synchronous mode is shown in Fig. 3.4 



SYNCHRONOUS 

CHARACTER 

--- 

DATA FIELD 

CRC 1 

CRC 2 



SYNCHRONOUS 

CHARACTER 

SYNCHRONOUS 

CHARACTER 

DATA FIELD 

--- ff ----- 

CRC 1 

CRC 2 


- - —— --- - 



DATA FIELD 

... ' ■' ( -- 

CRC 1 

CRC 2 


EXTERNAL SYNCHRONOUS MODE 

DIRECTION OF MESSAGE 
- 

Fig. 3.4 Data Format of Synchronous Mode 
1] Monosynchronous 

In this mode, when coincidence with synchronous character (8 bit) 
programmed in WR 7 is realized, synchronization is generated, thereby 
the data transmit becomes possible. 
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2] Bisynchronous 

In this mode, when coincidence with two successive synchronous 
characters programmed in WR 6 and WR 7 is attained, the synchronization 
is -generated, thereby data transmit becomes possible. Further, in 
these mono- and bi-synchronous modes, SYNC becomes active during the 
receive clock which detects the synchronous character. 

3] External synchronous 

In this mode, the synchronization is carried out externally. When the 
synchronization is attained, it is informed by SYNC terminal. In 
addition, SYNC input should be kept at "0", until the character 
synchronization is released. The character configuration begins at RxC 
rising after SYNC falling. 

After resetting, SIO enter into the hunt phase, searching the 
synchronous character. If the synchronization becomes incomplete, it 
is possible to enter again into the hunt phase by set the enter-hunt 
phase bit (D4 of WR 3) at "1". 

o Transmitting 

a. Data transfer using interruption 

If transmit interrupt is enabled, interrupt is carried out when the 
transmit buffer becomes empty. As for the interruption procedure, 
the other data are written in the transmitter. In such case, the 
transmit underrun state occure if the data is not yet prepared by 
some reason. 

b. Bi-synchronous transmitting 

In the bisynchronous mode, if data run out in a transmitter during 
the transmitting, replacing character is to be sent in order to keep 
the synchronization. There are two ways for that; one is to insert a 
synchronous character, and another is to feed CRC characters which 
are till then generated, and then to feed the synchronous character. 
The selection of the way is controlled by reset transmit underrun/EOM 
command in WR 0. 

c. End of transmission 

Break is carried out by setting D4 of WR 5. At this time, a in both 
the transmit buffer and the shift register will go out. 

When external/status interruption is enabled, SIO generates interrupt 
and transmit vector according to the state of the transmitter. 

This mode can be used for the block transfer. 

o Receiving 

a. Interrupt on first received character 

This mode is usually used for the block transfer. In addition, in 
this mode, SIO generates interrupt only for the first character, but 
thereafter do not generate interrupt except under the special receive 
conditions. 

For the purpose of the initialization, it is required to set command 
4 of WR 0 (enable at next receive interrupt). 

b. Interrupt on all received character 

In this mode, interrupt is generated for all characters entering into 
receive buffer. When status affect vector is set, special vector is 
generated by special receive condition. 
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c. Special receiving conditional interrupt 

This interrupt can be generated regardless of the selection of the 
above two ways of interrupt. Although as for the special receive 
conditions, there are parity error, receive overrun error, framing 
error, and end of frame (SDLC), the reset is necessary after read 
out, since these error status bits are latched. 

These error status bits can be reset by the command 6 of the WRO. 

(3) SDLC mode 

Though SIO can use both protocols of SDLC and HDLC, since both are very 
much similar, here explanation is made only for SDLC mode. 

Fig. 3.5 shows the data format of SDLC mode. 

In SDLC mode, one data block is called "frame”, and these messages are 
held between two flags, called open flag and close flag. Address field 
includes the address of secondary station, and SIO receive or disregard 
this frame according to the address. 


FRAME 




-- 




OPEN FLAG 

ADDRESS 

FIELD 

DATA FIELD 

-- 

CRC 1 

CRC 2 

CLOSE FLAG 


DIRECTION OF MESSAGE 


Fig. 3.5 Data Format of SDLC Mode 


o Transmitting 

a. Data transfer using interrupt 

If transmit interrupt is set, whenever transmit buffer becomes empty, 
interrupt is generated. In SDLC mode, data are transferred to SIOs, 
by the use of this interrupt. 

b. Data transfer using wait/ready 

In wait/ready function, WAIT is for lengthening the output cycle of 
MPU when SIO transfer buffer is not empty, while READY notifies DMA 
that SIO transfer buffer is empty and so ready for receiving data. 
If data is written in transfer shift register prior to the 
transmitting, SIO enter into the underrun state. 

Using this function, it is possible to transmit data to SIOs. 

c. Transmitting underrun/EOM 

SIO, when there is no data to be transmitted in transfer data buffer, 
automatically terminate SDLC frame. In order to carry out this, 

after data run out, SIO at first transmit CRC of 2~byte and then 
transmit one or more flags. 

After resetting, status bits of transmit underrun/EOM are set and 

prevent CRC character from inserting when transfer data run out. 

Using this operation, the frame transmission is started. At this 
time, transmit underrun/ EOM reset command must be set between the 
time of transmit of the first data and the end of data. 

By doing this, reset state is generated at the end of message, so CRC 

characters are automatically transmitted. 


240 — 






TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6 
TMPZ84C43F/TMPZ84C43AF/AF-6 


d. CRC generation 

When CRC calculation is carried out, CRC generator must have been 
reset (D6 and D7 of WR 0) piror to the start of transmit. 
Calculation of CRC is started at the time (WR 6) when address field 
is written into SIOs. 

Further, transmit CRC enable bit (DO of WR 5) must be set prior to 
address field writing. 

e. End of transmit 

While transmitting, if the transmitter is made to be disabled, though 
the data under transmitting at that time are transmitted without- any 
change, the transmitter enters into the marking state thereafter. 

Even if a transmitter is disabled, characters in the buffer remain, 

but when abort command is written in command register, abort sequence 

becomes significant and then all data go away. 

o Receiving 

In receiving mode, the initial setting of several parameters is 
necessary. Address field is written in WR 6, and flag character in WR 

7. 

When a receiver receives open flag, it compares the content of address 

field following the flag with the address set in WR6 and global address 

(”1111 1111). If address field in frame coincides with either one of 
the above two, SIOs start receive. 

a. Interrupt on first received character 

This mode is used for the block transfer, which usually uses WAIT/ 
READY function. In this mode, SIOs generate interruption only to the 
first character. 

Further, since status flag of this interruption is latched, it is 
necessary to set command 4 (enable at next receiving character) of WR 
0 beforehand, in order to initialize again. 

When external/status interruption is set, interruption is generated 
at every change of DCD. In addition, interruption is generated under 
special receive conditions. 

b. Interrupt on all received character 

In this mode, SIO generate interrupt to all characters received. In 
additioon, when status affect vector has been set, special vector is 
generated to interruption under special receive conditions. 

c. Special receive condition interrupt 

When special receive conditions are used, it is necessary to select 
beforehand either of interrupt by first received character or 
interrupt by all received characters. Among interrupt under special 
receive conditions, status of receive overrun is latched. Reset of 
status bit is carried out by error reset command (command of WR 0). 

d. CRC check 

The CRC checker is reset when it receives the leading open flag of 
frame, and carries out CRC calculation of the following characters, 
continuing to close flag. 

In SDLC mode, as transmitting CRC is inverted, special check sequence 
is used. Check must be ended with ”0001 1101 0000 1111”. 

Since SIO processes CRC characters as data, MPU must discard them 
after reading. 
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e. End of receive 

When SIO receives close flag, end of frame bit Is set and 
this fact indicates that the close flag has been received. 
Further, if the status affect vector is set at this time, 
interrupt under special receiving conditions is generated and 
the vector is transmitted. At any frame, abort can be 
carried out by abort transmit. Further, if external/status 
interrupt has been set at this time, interrupt is generated 
and break/abort bit in RRO is set. 
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Fig. 3.6 (c) Status Change Flowchart 
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Fig. 3.6 (d) Status Change Flowchart 
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Fig. 3.6 (e) Status Flowchart 
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3.3.2 Basic timing 

Fig. 3.7 is the timing diagram when data or command are written into SIO 
from MPU. 

Fig. .3*.8 is the timing diagram when MPU reads data from SIO. 

Fig. 3.9 shows that when MPU accepts an interrupt request of SIO, as the 
acknowledge signal, lORQ terminal is made "0" within a couple of clocks 
after Ml terminal is made "O'*. 

In order to hold the state under interruption service at daisy-chain, the 
state of interruption request cannot be changed as long as Ml remains 
active. 

Figure 3.10 is the timing diagram of returning from interruption. 

Figure 3.11 shows the state of daisy-chain. 

At first, the period during interruption service of SIO is considered. 
After Ml becomes active, by interruption request of PIO immediately 
before the deconding of "EDH" in the first byte of RETI instruction, 
"lEO" of PIO becomes "0". However, interruption request of PIO is not 

acknowledged, because "EDH" is decoded. Therefore, "lEO" of PIO returns 

to "1". 

By decoding "4DH" at the 2nd byte, "lEO" of SIO returns to "1". 

Therefore, "lEI" and "lEO" of peripheral LSI at this time become "1", and 
so they enter into the state under no interruption service. PIO keeps 
INT terminal at "0" until this state is realized. Under this state, 

interruption starts from the peripheral LSI of higher interruption 
priority order. 


T1 T2 T3 T1 



Fig. 3.7 Data Write Cycle from MPU to SIO 
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T1 T2 Tw T3 



T1 T2 T3 T4 T1 T2 T3 T4 1 



Fig. 3.10 Return Cycle from Interruption 
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[1] Status where SIOs request interruption 



lEI lEO lEI lEO lEI lEO 


I IN T 

-l I- 

lEI lEO 


••on 

_l 1 

I_I 

lEI lEO 


[2] SIOs are under interruption service 



[3l Status where PIO has requested interruption immediately before SIOs ■ 
decode "ED". 

By the request of PIO for interruption lEO of PIO becomes "0". 


"1" "1" I INT "0" "0 "0" 



[4] As "EDH" has been decoded, the interruption request of PIO is not 
acknowledged. Therefore, lEO of PIO returns to "1". 


"1" "1" I INT "1" n n "0" 



[5] As "4DH" has been decoded, lEO of SIOs becomes "1". 


[6] Interruption request by PIO is acknowledged, and the lEO of PIO becomes 

" 0 ". 


Fig. 3.11 Daisy-chain at RETI nstruction 


njn *’1’' ”0" '*0" *'0" 



• ij^ii ••^^•1 INT ••j^*^ 
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3.4 SIO programming 

Here, the meanings of each write register and read register are 
specifically explained with regard to each bit. It should be noted that 
parameter of write register (WR 4) must have been set prior to other 
parameters. 

In addition, there are such registers that are used for only single 
channel. 

WR 0: Write register 0 


Table 3.2 Composition of Write Register 0 


D7 

D6 

1 

1 

1 

D5 

1 

D4 1 

1 

D3 

1 1 

1 D2 1 

1 1 

1 1 

D1 1 DO 1 

1 1 

1 

1 CRC 


1 

i 


1 


1 1 

1 

i 1 

1 Reset 

code 

1 

1 

1 

Bas ic 

i 

command 

1 1 

bit 

1 Register 

1 1 

pointer bit | 

1 1 


DO - D2: Register pointer bit 

These bits specify the registers to be written in or read out at the 
next byte. When write or read have ended, the register pointer 
specifies WR 0. 

D3 - D5: Basic command bit 

Command 0 (=000) : No operation 

This command is for setting register pointer without operating SIO. 
This is used for reserving the space, in case there is any 
possibility of invalidating some command among the command chain to 
SIO or inserting command at some part of the command chain. 

Command 1 (=001) : Abort generation 

This command is used in order to generate abort sequence (sequence of 
successive "1" of more than 7). 

This command is used for SDLC only. 

Command 2 (=010) : External/status interruption reset 

Once external interrupt or status interrupt occurs, status bits of 
RRO are latched. This command enables status bits of RRO for 
permitting the interrupt again. 

Command 3 (=011) : Channel reset 

This command operates same as reset signal is given at "RESET" 
terminal. The difference between them is that this command resets 
single channel only. Further, command to channel A also reset 
interruption priority circuit. 

Command 4 ( = 100) : Enabling the interruption at the time of next 
character receive 

This command is used, when the end of block in data block is detected 
and next data block is received and interruption generation is 
desired. 

Command 5 (=101) : Transmitter interruption hold reset 

In transmitter interruption enable mode, when transmit buffer becomes 
empty, interruption is generated. But, if there is no data to be 
sent, this command is used in order to suppress the transmitter 
interruption generation. 
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Command 6 (=110) : Error reset 

Errors conunitted during block transmit (parity error and overrun 
error) are latched at D4 and D5 of RR 1. This command is used to 
clear them. 

Command 7 (=111) : Return from interruption 

This command operates same as it executes RETI instruction on SIO 
data bus. Therefore, even in MPU other than Z80 MPU (systems not 
using RETI interruption), daisy-chain in SIO can be used. This 
command is for channel A only. 

D6 - D7: CRC reset code 

These two bits are able to select one of receive CRC checker reset, 
tranbsmitter CRC generator reset and transmitter underrun/EOM reset. 

Table 3.3 Reset Command Code 


I Reset 

command 


I D7 

D6 


I No operation 


I 0 

0 


I Reset 

the receiving CRC checker. 

I 0 

1 


I Reset 

the transmitter 

CRC generator 

I 1 

0 


I Reset 

the transmitter 

underrun/EOM 

1 1 

1 



WRl: Write register 1 

Table 3.4 Composition of Write Register 1 


1 i 

1 D7 1 D6 

1 1 

r 

D5 1 

1 

D4 1 D3 

1 

1 

1 D2 

^ 1 

Dl 1 DO 1 

1 1 

1 Wait/ready 1 

1 

1 Status 

Trans-1Exter-| 

1 1 

iRe- 1 

Receiving 

1 affect 

mitterlnal | 

1 1 

Iceiv- 1 

interruption 

1 vector 

inter-1status | 

1 Enable|Func- 

1 ing 1 

mode 

1 

rup- 1 inter-1 

1 1tion 

1 trans-| 

1 

1 

tion 1rup- | 

1 1selec- 

jmit- 1 

1 

1 

enableItion | 

1 Ition 

Iting 1 

1 

1 

1 enable I 

1 1 

1 selec-1 

1 

1 

1 1 

1 1 

Ition 1 

1 

1 

1 1 


DO: External/status interrupt enable 

When this bit is set, interrupt can be generated at the time of 
synchronous character transmitter start even in such case as 
break/abort has been detected and finished, DCD, CTS or SYNC signals 
have changed, or transmitter underrun/EOM latch has been set. 

Dl: Transmit interrupt enable 

If this bit is set, transmit interrupt is generaetd when transmit 
buffer becomes empty. 

D2: Status affect vector 

When this bit is set, Dl - D3 (V1-V3) of WR 2 varies according to 
interrupt conditions. 

When this bit is not set, interrupt vector is sent with the same 
content as in WR 2. This bit can be used for channel B only. 

D3-D4: Receive interrupt mode 

This bit can select receiving interrupt mode. 
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D5-D7: Wait/ready function selection (D5-D7) 

By these three bits, the selection of function of W/RDY terminal at SIO 
is carried out. 

Wait/ready function is not used at the same time, since it is selected 
according to the program. 

The semantics of each of these three bits are: 
o When D5 is set, they mean receive, whereas reset means tranmmit. 

o When D6 is set, this means READY terminals, and while reset, this means 

WAIT terminal. 

o When D7 is set. Wait/ready function becomes enable, while reset, 
becomes disable. 

This means, for example, when D7, D6 and D5 are 110 and transmitter 

buffer is full, READY output becomes "1”, and when tramsmitter buffer 

is empty, READY terminal becomes ”0’*. 

The above (D3-D4 and D5-D7) is summarized in the table below. 


Table 3.5 Receiving Interruption Mode Codes 


1 Receiving interrupt mode ! 

D4 1 D3 1 

1 Receiving interrupt disable 

0 1 0 1 

1 Interrupt in first character receiving or ^special 

1 receiving condition | 

0 1 11 

1 Interrupt in character receiving or special ! 

1 receiving condition 

1 1 0 1 

1 1 1 

1 Interrupt in character receiving or special ! 
1 receiving condition I 
1 (However, except parity error) 

1 1 1 1 1 

1 1 i 


* The special receiving conditions are as follows: 
o End of frame (SDLC mode only) 
o Receiving overrun error 
o Parity error 
o Framing error 

Table 3.6 Selection of Wait Ready Functions (D5 - D7) 





WAIT/REA' 

1 1 


1 




Function 

I H/L Level 

1 i'erminal Condition 

1 D7 1 

D6 

1 

D5 




At floating 

1 

1 1 


1 




WAIT 

active 

1 

1 1 

0 

1 

- 




Low 

1 

1 0 1 


1 




READY 

1 High 

1 


1 

1 




1 

1 Low 

1 Transmitter buffer is full and 

1 1 


T 




WAIT 1 


1 SIO data port have been 

1 1 

0 

1 

0 



1 


1 selected. 

1 1 


1 





Floating 

1 Tranmsitter buffer is empty. 



1 




READY 

High 

1 Transmitter buffer is full. 

■| 1 

1 

T 

0 




1 Low 

1 Transmitter buffer is empty. 

_i 1 1 


1 





1 Floating 

1 Receiving buffer is full. 



T 




WAIT ! 

1 

1 Receiving buffer is empty and 


0 

1 




j 

1 Low 

1 SIO data port have been 

1 1 


1 

1 




1 

1 selected. 

j 1 


1 




READY 

1 Low 

1 Receiving buffer is full. 


1 

■| 





1 High 

1 Receiving bugger is empty. 

■| 1 


1 




— 252 — 














TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6 
TMPZ84C43F/TMPZ84C43AF/AF-6 


WR2: Write register 2 

Table 3.7 Composition of Write Register 2 


I D7 I D6 I D5 I D4 1 D3 1 D2 1 D1 I DO I 




Interruption Vector 



V7 

1 V6 1 
1 1 

1 1 

i V5 1 V4 1 V3 1 V2 1 

1 1 1 1 

1 

1 VI 

1 

1 

1 VO 

1 


When the status affect vector bit is set, V3 to VI 
change according to the interruption condition. 


This write register is an interruption vector register. When D2 of WR 
1 is not set, interruption vector is sent. When D2 of WR 1 is set, 
D1-D3 (Vl~V3) varies according to interruption generate conditions. In 
this case, the content of WR 2 remains unchanged. 

Further, since WR 2 exists in channel B only, programming of WR 2 of 
channel B is necessary even if only channel A of SIO is used. 

The following Table (3.8) shows the V3 to VI of an interrupt vector 
when the status affect vector bit is set. 


Table 3.8 Codes according to interruption generate conditions 
of each channel 



Channel 

1 


Interruption generate condition | 

V3 

1 

V2 

i 

VI 





In 

case transmitter buffer is empty. 1 

0 

1 

0 

1 

0 



B 


In 

case external/status change 1 

0 

1 

0 

1 

1 




1 

In 

case of receiving character is effective.1 

0 

1 

1 

1 

0 




1 

•k 

In case of special receiving condition 1 

0 

1 

1 

1 

1 




1. 

In 

case transmitter buffer is empty. I 

1 


0 

1 

0 



A 


In 

case external/status change I 

1 

T 

0 

1 

1 




r 

In 

case of receiving character is effective.| 

1 

T 

1 

T 

0 




_L 

* 

In case of special receiving condition 1 

1 

1 

1 

1 

1 



* The special receiving conditions are as follows: 
o End of frame (SDLC mode only) 
o Receiving overrun error 
o Parity error 
o Framing error 


- 253 - 







TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6 
TIIIIPZ84C43F/TMPZ84C43AF/AF-6 


W3: Write register 3 


Table 3.9 Composition of Write Register 3 



DO: Receiving enable 

When this bit is set, receiving operation starts. 

This bit is used for starting receiving operaiton, so it must be set 
after all receiving program are complete. 

Dl: Synchronous character load inhibition 

In synchronous mode, if this bit has been set, synchronous character is 
not loaded on transmitter buffer. 

D2: Address search mode 

When SDLC mode is selected and this bit is set, any message having 
programmed address in WR 6 or other address than global address (FFH) 
is not received. Therefore, receive interruption does not occur until 
the addresses coincide. 

D3: Receiving CRC enable 

When this bit is set, CRC calculation starts at the time of the start 
of transmitter of the last data to the receiving buffer from the 
receiving shift register. 

D4: Enter hunt phase 

When synchronization settling is needed, SIO enter into hunt phase by 
setting this bit. In addition, once synchronization is settled, the 
hunt phase is released automatically. 

D5: Auto enable 

If this bit is set, transmitter is enabled when CTS terminal is "0". 
Further, when DCD terminal is "0", receiver is enabled. 

D6-D7: Receiving character length 

These bits specify the receiving bit number which composes one 
character. The table below shows the bit numbers per one character. 

Table 3.10 Codes according to receiving character length 


1 Bit number/character 


D7 

D6 1 

1 5 

T 

0 

0 1 

1 6 

T 

0 

1 1 

1 7 

T 

1 1 

i 0 1 

1 8 

T 

1 1 

1 1 1 
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WR 4: Write register 4 

Table 3.11 Composition of Write Register 4 


D7 I D6 


D5 I D4 


1 

1 1 

1 

1 r 


Parity | 

1 

Clock mode | 

Synchronous 

I Stop bit 

I 

Even/ I 

1 

1 

1 

1 1 

mode 

1 

I 

I I 

i 

i 

odd I Enable I 

I I 


D3 I D2 


D1 I DO 


DO: Parity selection 

When this bit is set, 1 bit transmitter data is added to the bit 
numbers which are specified in D6-D7 of WR 3 and then this added bit 
number is received. 

Further, if the selected character length is other than 8 bits, the - 
added parity bit is set at MSB side of data bit and then will be 
transferred to receiving data FIFO. 

When 8 bits of character length is selected, the parity bit will not be 
transferred to receiving data FIFO. 

Dl; Parity polarity 

When parity is selected by this bit, it must be determined whether 
transmittance and check are carried out at even number or odd number, 
(even number = 1, odd number = 0) 

D2-D3: Stop bit length 

Stop bit length at asynchronous mode is selected by these bits. Both 
of D2 and D3 are set at "0" in synchronous mode. 

Table 3.12 Codes according to Stop Bit Length 



Stop bit I 

D3 

1 D2 



Synchronous mode I 

0 

1 0 



1 stop bit/character 1 

0 

! 1 



1.5 stop bit/character 1 

1 

i 0 



2 stop bit/character | 

1 

i 1 



D4-D5: Synchronous mode 

Synchronous mode is selected by these bits. 

Table 3.12 Codes according to Synchronous Mode 



Synchronous mode 1 

D3 

1 

D2 



8 bits synchronous model 

0 

1 

0 



16 bits synchronous I 
mode (bisynch mode) 1 

0 

1 

1 

1 



SDLC mode (Flag char- j 
acter:7FH) I 

1 

T 

1 

0 



External synchronous 1 

mode 1 

1 

1 

1 

1 
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D6--D7: Clock mode 

Scale factor between transmitter/receiving clock and data transfer rate 
is selected by these bits. Besides, xl clock mode must be used in 
shynchronous mode. But, in asynchronous mode, the same scale factor is 
used at transmitter and receiving area. 


Table 3.14 Codes according to Clock Mode 



Clock Mode 
(Data Transfer Rate) 

1 D7 

1 i 

D6 


X 

1 data transfer rate 

1 0 1 

0 


X 

16 data transfer rate 

1 0 

1 


X 

32 data transfer rate 

I 1 1 

0 


X 

64 data transfer rate 

1 1 1 

1 



WR 5: Write register 5 


Table 3.15 Composition of Write Register 5 


1 D7 

1 1 

1 D6 1 D5 

1 1 

1 

1 D4 

1 

1 1 

1 D3 1 

1 1 

D2 

Dl 

1 1 

1 DO 1 

1 1 

1 DTR 

1 1 

1 Transmitter 

1 /character 

1 1 

1 1 

1 

1 Trans- 
Imitter 
1 break 

1 

1 1 

iTrans-I 
Imitter| 

1 enable j 

1 1 

CRC-16 
/SDLC 

RTS 

1 1 

1 Trans-| 

1mitter| 

I CRC 1 

1 enable| 


DO: Transmitter CRC enable 

When transmitter data are loaded from transmitter data buffer into 
transmitter shit register, if this bit is set, CRC calculation for 
these data is carried out. In synchronous mode or SDLC mode, if this 
bit is not set, CRC calculation and transmission of the transmitter 
underrun state are not carried out. 

Dl: Transmitter request 

When this bit is set, RTS terminal becomes "0". If not, RTS terminal 
becomes "1". 

In asynchronous mode, when tranmsitter buffer becomes empty, RTS 
terminal becomes "1". In synchronous mode and SDLC mode, RTS terminal 
state follows this bit state. 

D2: CRC-16/SDLC 

When this bit is set, CRC-16 multiple term expression (X**16+X**15+X** 
2+1) is selected. When this bit is reset, CRC~CCITT multiple term 
expression (X**16+X**12+X**5+1) is selected. 

D3: Transmitter enable 

If this bit is set, the transmitter is enabled. 

Moreover, even if this bit is reset after data transmitter start, all 
of synchronous character and data in progreses of transmit. 

D4: Transmitter break 

If this bit is set, whatever data are transmitted, transmitter data 
line (TxD terminal) is forced to become the space state. 

If this bit is reset, TxD becomes the marking state. 

D5-D6: Transmitter character length 

These bits indicate the transmitter data character length. 
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Table 3.10 Codes according to Transmitter Character Length 


1 Bit number/Character 

T* 

“D6 i 

D5 


1 Max. 5 

T 

0 

0 


1 7 bits 

nr 

0 

1 


1 6 bits 

1 

1 1 

1 0 


1 8 bits 

1 

1 1 

1 1 



As shown in Table 3.16, when bits below than 5 (4 bits, 3 bits etc.) 
per 1 character are transmitted, D5 and D6 are expressed as ”0", but it 
is impossible to understand how many bits do data have. Therefore, 
data character should be treated according to the aftermentioned 
format. Now, D means the data. 

Table 3.17 Transfer Format in case of max. 5 bits transmitter data 



Transmitter bits/Character 

1 D7 

1 D6 

D5 

i 

D4 

D3 1 

D2 1 

D1 

1 

DO 



1 ! 

1 

1 

1 

T 

1 

0 1 

0 1 

0 

T 

D 



2 ’ 

1 

1 

1 

1 

0 

0 1 

0 ! 

D 

1 

D 



3 

1 

1 

0 

1 

0 

0 1 

D 1 

D 

1 

D 



4 

1 

0 

0 

1 

0 

1 D 1 

D 1 

D 

T 

D 



5 

0 

0 

0 

1 

0 1 

; D 1 

D 1 

D 

i 

D 



D7: Data terminal ready 

This bit indicates the state of DTK terminal. 

When this bit is set, the state of DTR terminal becomes "0", when 
reset, it becomes "1". 


WR 6: Write register 6 


Table 3.18 Composition of Write Register 6 

I I I I I I I 

D7 I D6 1 D5 1 D4 I D3 I D2 I D1 1 DO 

I I I I I I I 

^ ^ I ^ ^ ^ ^ 

SYNC 

I I I I I I I 

7|6l5|4|3|2|li0 


This register is programmed in accordance with the following state: 


o External syncrhronous mode 
o Mono-syncrhronous mode ... 

o Bi-syncrhronous mode . 

o SDLC mode . 


Transmitter synchronous character 
Transmitter synchronous character 
First synchronous character 
Slave station address 
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WR 7: Write register 7 

Table 3.19 Composition of Write Register 7 


D7 I D6 I D5 I D4 I D3 I D2 1 D1 1 DO 


1 

r 

1 

S 

1 

Y 

1 

N 

1 . 1 
C 


1 

1 

15 1 

1 

14 1 

1 

13 1 

1 

12 ! 

1 

1 11 

1 1 

1 10 1 

9 

1 

1 8 

(7) 1 

1 

(6) 1 

1 

(5) 1 
1 

(4) 

i 

1 (3) 

1 (2) 1 

1 1 

(1) 

1 (0) 

1 


This register is programmed in accordance with the following state: 

o Mono-syncrhronous mode . Receiving synchronous character 

o Bi-syncrhronous mode . Second synchronous character 

o SDLC mode . Flag character (7EH) 

This register is not used in the external synchronous mode. 

WR 0: Readout register 0 

Table 3.15 Composition of Readout Register 0 


1 D7 

1 1 

1 D6 1 

1 1 

D5 

1 

1 D4 

1 

1 

1 

1 

D3 

1 

1 D2 

1 

Dl 

1 

1 DO 

1 



1 1 


1 

1 


1 


iRe- 


1 Break 

1 Trans-| 

CTS 

1 SYNC 

1 

DCD 

1 Trans- 

Inter- 

1ceiv- 


1/abort 

1mitter| 


1/Hunt 

1 


1mitter 

rup- 

1 ing 



I under | 


1 

1 


1 buffer 

t ion 

1char- 



1 run/ 1 


1 

1 


1 empty 

pend¬ 

1acter 



|E0M 1 


1 

1 


1 

ing 

1effec- 



1 1 


1 

1 


1 


1 t ive 


1 1 


These registers are used for the external/status interruption mode. 
DO: Receiving character effective 

When there is any character of more than 1 byte in the receiving 
burrer, this bit is set. When the receiving buffer has become empty, 
this bit is reset. 

Dl: Interruption pending 

When the interruption has occurred within SIO regardless of the kinds 
of the interruption conditions, this bit is reset. Moreover, this bit 
is effective for the channel A only. 

D2: Transmitter buffer empty 

When the tramsmitter data buffer is empty or SIO is reset, this bit is 
set. However, only when CRC character is sent in the synchronous mode 
and in SDLC mode, this bit is reset. 
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D3: Data carrier detect _ 

This bit indicates the DCD terminal input status. if the external/ 
status,interruption is generated, the value of this bit is latched. 

D4: Sync/hunt 

The meaning of this bit differs according to the operation mode, 

i) Asynchronous mode_ 

In this mode, the SYNC terminal status of the SIO is sh own. The 
external/status interruption is generated by the SYNC terminal status 
change. 

ii) External synchronous mode 

If synchronized through the detection of external synchronizat ion , the 

bit must be changed to "0^^_at the trailing edge of the second RxC from 

the trailing edge of RxC which recevied the last bit of that 

synchronous character. That is, to make "SYNC" input to "0" in the 

external circuit after detection of the synchronization, it_is 

necessary to wait completely 2 receiving clock cycles. When "SYNC" 
input becomes "0", the sync/hunt bit is set. If the synchronization is 
lost or end of message is detected, the enter hunt phase bit is set. 

iii) Internal synchronous mode 

In Monosynchronous and Bisynchronous modes, this bit is first set at 
"1" by the enter hunt phase command (D4 of WR3) . After the SIO 

detected the synchronous character, this bit is reset, 

iv) SDLC mode 

This bit is set when the receiver is disabled or by the enter hunt 
phase command. Thereafter, when the open flag of the frame is 
detected, this bit is reset. 

D5: CTS (clear to send) _ 

This bit indicates the status opposite to the CTC terminal input 
status. 

D6: Transmitter under Run/EOM 

When SIO is reset (including channel reset), this bit is set. This bit 
can be reset only by the reset transmitter under run/EOM latch command 
(D7, D6 of WR 0=11). 

When the transmitter under run status is caused, the external/status 
interruption is also generated. 

This bit is also used for controlling transmission in the synchronous 
and SDLC modes. 

D7: Break abort 

In the receiving in asynchronous mode, tihs bit has a meaning of the 
break status detection. Detection of the break status sets this bit, 
generating the external/status interruption, while the external/status 
interruption reset command resets this bit. 

After the break ended, the external/status interruption is again 
generated. 

In case of the SDLC mode, detection of the abort sequence sets this 
bit, generating the external/status interruption. 
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RR 1: Read register 1 


Table 3.21 Composition of Readout Register 1 


D7 1 

1 

D6 

D5 

1 

D4 1 

1 

1 1 

D3 1 D2 1 D1 

1 1 

1 1 

1 DO 1 

1 1 

1 


Re- 

1 


1 All 1 

End 1 

CRC/ 

ceiv- 

1 Parity 1 

Frac tion 

1 char-| 

of 1 

fram¬ 

ing 

1 errorl 

1 1 

1 acterl 

frame| 

ing 

over¬ 

1 1 

1 1 

1trans-1 

1 

error 

run 

1 1 

1 1 

|mis- 1 

1 

1 


error 

1 1 

1 1 

1 1 

1 1 

1 sion 1 

1 1 


DO: All character transmission 

In the asynchronous mode, when all characters are sent out of the 
tramsmitter or when there is no transmitted data in the SIO, this bit 
is set. Furhter, in the synchronouss mode this bit is always kept set. 
D1 - D3: Fraction codes 

Since I Field is normally integer times of character length, if not 
integer times, these codes show last fragmentary bits. These codes are 
significant only for transfer in which end-of-frame bit is set in the 
SDLC mode. 

Example) Two cases that [1] number of bits of one character at the end of 
I Field is 8 (0) bits and [2] 4 bits are shown in Fig. 3.12. 


I I I I I I 

I I I I I I 

I I I I I I 

I I I I I I I I 


I I 
I I 


CRC, 


I 


I field 


[11 


[ 2 ] 


1 1 

1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

CRCj^ 

1 

1 CR, 

1 ^ 

1 


I field 


Fig. 3.12 I Field Fractions 

Further, the fragmentary codes for receiving characters in length of 8 
bits/character are as follows: 
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Table 3.22 (a) Bit pattern according to last fragmentary bits in I field 



Last fraction 

bits 

in I 

fiedd 1 

D3 

"1“ 

1 

D2 

1 

D1 

1 


1 byte before 

1 2 

byte 

before 1 


0 

1 


3 1 

1 

1 

0 

1 

0 



0 

1 


4 1 

0 

1 

1 

1 

0 



0 

1 


5 1 

1 

“T" 

1 

1 

0 



0 

1 


6 i 

0 

1 

0 

T 

1 



0 

1 


7 1 

1 

1 

0 

1 

1 



0 

1 


8 1 

0 

1 

1 

1 

1 



1 

1 


8 1 

1 

1 

1 

1 

1 



2 

1 


8 1 

0 

i 

0 

1 

0 



Even when length of I field receiving characters is other than 8 
a similar table can be composed for each character length. 

Table 3.22 (b) Bit pattern according to data bits per I character 
(In case of no fraction) 


bit/character 

D3 

1 

D2 

1 

DO 


5-bit/character 

0 

1 

0 

1 

1 


6-bit/character 

0 

1 

1 

1 

0 


7-bit/character 

0 

1 

0 

1 

0 


8-bit/character 

0 

1 

1 

1 

1 



bits , 


D4: Parity error 

When the parity selecting bit (Do of WR4) is set, if parity error is 
detected in receiving data, this bit is latched. The latch can be 
released by the error reset command (D5, D4, D3 of WR 0=110). 

D5: Receive overrun error 

Receiving data FIFO is set up to 3 characters. If there is no read by 
MPU and more characters are received, these characters are set as the 
receiving FIFO. 

When these characters are read out by MPU, this receive overrun error 
is set. Once set, this bit latches its status. This bit is also reset 
if the error reset command (WRO D3 - D5 commands) is written. 

D6: CRC/framing error 

In the asynchronous mode, if a framing error is detected in received 
characters, this bit is set. Since not latched, this bit is always 
updated . 

In the synchronous mode and the SDLC mode, this bit shows the sent CRC 
check result. This bit is reset when the error reset command (command 
6 of WRO D3 - D5) is written. 

D7: End of frame 

When the end of flag is detected during receiving data and no CRC error 
and fragmentary code is normal, this bit is set. bit is reset by the 
error reset command (command 6 of WRO D3 - D5). 

Further, this bit is used only in the SDLC mode and is updated when the 
first character of next frame is received. 

RR 2: Readout register 2 
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Table 2.23 Composition of Readout Register 2 

I I I I I I I I I 

I D7 I D6 I D5 I D4 I D3 I D2 I D1 I DO I 


Interruption Vector 


I V7 I V6 I V5 I V4 I V3 I V2 I VI I VO I 


When the status affect vector bit is set, V3 to VI 
change according to the interruption condition. 

When the status affect vector bit (D2 of WRl), is set, V3 to VI change 
according to the interruption condition at the time. Vector that is 
read out is decided by the interrupt condition with the highest 
priority at the time of readout. 

Further, when the status affect vector bit is reset, the content 
becomes equal to that of WR2. 

3.5 How to use SIO 

Two examples of systems using the SIO are introduced here. 

Shown in Fig. 3.13 is an inter-processor communication system. 

In this example, MPU at the left side transmits/receives data to/from 
other modules at the right side. Shown in Fig. 3.13 (a) is also a 
communication system as in Fig. 3.13 (b). 

As shown in these examples, the SIO is used for data communication with 
external devices. In addition, the most great advantage of the SIO is 
that it requires less data lines than parallel communication as shown in 
this figure. 
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Fig. 3.13 (a) Inter-processor Communication System 



Fig. 3.13 (b) Inter-processor Communication System 
















TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6 
TMPZ84C43F/TMPZ84C43AF/AF-6 

A. ELECTRICAL CHARACTERISTICS 
A.l ABSOLUTE MAXIMUM RATINGS 


TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 



Symbol 

r 

I tern 1 

Rating 

1 Unit i 


VCC 

1 

Supply Voltage I 

-0.5 to +7.0 

1 V 1 


VIN 

1 

Input Voltage 1 ■ 

-0.5 to Vcc + 0.5 

i V 1 


PD 

1 

Power Dissipation (TA = 85°C) 1 

250 

1 mW 1 


TSOLDER 

1 

Soldering Temperature (10 sec) | 

260 

1 °c 1 


TSTG 

1 

Storage Temperature I 

-65 to 150 

1 °c 1 


TOPR 

_L 

Operating Temperature I 

-40 to 85 

1 °c 1 


4.2 DC ELECTRICAL CHARACTERISTICS 

TA = -40°C to 85°C, VCC = 5V + 10%, VSS = OV 



SYMBOL 

1 ITEM 

TEST CONDITION 

MIN. 

|TYP . 

MAX. 

lUNITl 


VILC 

1 Low Clock Input 

1 Voltage 


-0.3 

1 “ 

0.6 

1 

1 

V 1 


VIHC 

1 High Clock Input 

1 Voltage 


VCC-0.6 

1 "" 

VCC+0, 

3i 

1 

V 1 


VIL 

1 Input Low Voltage 

1 (Except aK) 


1 

O 

Cn 

1 - 

0.8 

1 

1 

V 1 


VIH 

1 Input High Voltage 

1 (Except CLK) 


2.2 

1 — 

VCC 

1 

1 

V i 


VOL 

1 Output Low Voltage 

lOL = 2.0mA 

- 

1 “ 

0.4 

1 

1 

V 1 


VOHl 

1 Output High Voltage 

1 (I) 

lOH = -1.6mA 

2.4 

1 - 

- 

1 

1 

V 1 


V0H2 

1 Output High Voltage 

1 (II) 

lOH = -250uA 

VCC-0.8 

1 - 

- 

1 

1 

V 1 


ILl 

1 Input Leakage 

1 Current 

VSS< VIN< VCC 

- 

I - 

+10 

1 

1 

uA i 


ILO 

1 Output Leakage 

1 Current 

VSS + 0.4< VIN 
< VCC 



+ 10 

T 

1 

1 

uA 1 


IL(SY) 

1 SYNC Pin Leakage 

1 Current 

VSS + 0.4< VIN 
< VCC 

-40 

i - 

10 

T 

i 

1 

1 

uA 1 




VCC=5V 1 P/F 

f n oTf — M ^ 1 

- 

1 4 

10 

T 



ICCl 

1 Power Supply Current 

r LyJLL/IS. \XJ \ 

VIH=VIHC lAP/AF 

- 

i 2.5 

6 

1 

mA 1 




=VCC-0.2VlAP-6 
VIL=VILC i/AF-6 
=0.2V 1 

- 

1 4 

10 

1 

1 

1 



ICC2 

1 Standby Supply 

1 Current 

i Except SYNC at 

1 "L" output 

VCC=5V 

VIH=VIHC 

='Vcc-0.2V 

VIL=VILC=0.2V 

- 

1 - 

10 

“T 

1 

1 

i 

uA 1 


Note (1) fCLK=l/TcC(MIN.) 
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4.3 AC 
TA 


ELECTRICAL CHARACTERISTICS 





1 AMHz 1 

6MHz 1 

UNIT 

NO. 

1 SYMBOL 

PARAMETER 

iPF, AP/AFi 

Imin.'Imax. 1 

AP-6/AF-6I 
MIN.IMAX.1 

1 

1 TcC 

Clock cycle time 

1 2501 

DC 1 

1651 

DC 1 

ns 

2 

1 TwCh 

Clock pulse width (High) 

i 1051 

DC 1 

70i 

DC I 

ns 

3 

1 TfC 

Clock fall time 

1 “ 1 

30 1 

- 1 

15 1 

ns 

4 

1 TrC 

Clock rise time 

1 - 1 

30 1 

- 1 

15 1 

ns 

5 

1 TwCl 

Clock pulse width (Low) 

1 1051 

DC 1 

701 

DC 1 

ns 



Control signal to clock | 



—r 



6 

1 TsCS(C) 

setup time (CE, C/D, B/a) 

1 1451 

“ 1 

601 

- 1 

ns 

7 

1 TsRD(C) 

lORQ, RD to clock I 

1 1151 

_ 1 

1 

60 1 

_ 1 

ns 



setup time 



1 

- 1 

ns 

8 

1 TdC(DO) 

Clock 1 to data out delay 

! - ! 

2201 

- 1 

1501 

ns 

9 

1 TsDl(C) 

Data in to clock setup 



1 





(Write or Ml cycle) 

i 501 

- 1 

301 

- 1 

ns 

10 

1 TdRD(DOZ) 

RD 1 to data out float 

1 _ 1 

1101 

1 

90 1 

ns 



delay 



1 



11 

1 TdlO(DOl) 

lORQ 1 to data out delay 

1 _ 1 

160 1 

1 

120 1 

ns 



(INTACK cycle) 



1 



12 

1 TsMl(C) 

Ml to clock 1 setup 

1 90 1 

_ 1 

1 

751 

_ 1 

ns 



time 



1 



13 

1 TsIEl(lO) 

lEI to lORQ 1 setup time 

1 140 1 

_ 1 

1 

1201 

_ 1 

ns 



(INTACK cycle) 



1 



14 

1 TdMl(IEO) 

i Ml 1 to lEO 1 dela^ 

1 - I 

190 1 

1 

160 1 

ns 



(interrupt before Ml) 



1 



15 

1 TdlEl(lEOr) 

! lEI f to lEO delay 

1 16 oi 

- 1 

- 1 

iiol 

ns 


I 

1 (after ED decode) 



1 



16 

1 TdlEI(lEOf) 

i lEI i to lEO * delay 

1 - 1 

1001 

- 1 

70 1 

ns 

17 

1 TdC(INT) 


1 - 

2001 

- 1 

15Q1 

ns 


1 

i Clockf to INT1 delay 



1 



18 

I TdIO(W/RWf) 

i 

1 lORQ 1 or CE 1 to W/RDY I 

! — I 

2101 

1 

1751 

ns 



delay (Wait mode) 



1 



19 

1 TdC(W/RRf) 

Clock 1 to W/RDY 1 delay 

1 ^ 1 

1201 

1 

100 1 

ns 



1 (Ready mode) 



1 





1 



1 


ns 

20 

1 TdC(W/RWZ) 

Clock! to W/RDY float 

1 - 1 

1301 

- 1 

iiol 




delay (Wait mode) 



1 



21 

1 Th, Th (CS) 

Any unspecified hold 

1 o| 

- 1 

0| 


ns 



when setup is specified 



1 



22 

1 TwPh 

Pulse width (High) 

1 2001 

- 1 

2001 


ns 

23 

1 TwPl 

Pulse width (Low) 

1 2001 

- 1 

2001 

- 1 

ns 

24 

j TcTxC 1 

i __ 

1 4001 

- 1 

3301 

- 1 

ns 


1 1 

TxC cycle time 



1 
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1 4MH 

Z 1 

6MHz 1 1 


NO. 

1 

SYMBOL 

1 PARAMETER 

Iff, ap/afI 

AP-6/AF-6|UNIT| 



1 


1 

|MIN. 1 

MAX. 1 

MIN. 1 

MAX. 1 1 


25 

1 

1 

TwTxCl 

1_ 

1 TxC width (Low) 

1 1801 

1 1 

j 

1001 

1 

1 ns 1 

1 1 


26 

T 

1 

TwTxCh 

1 TxC width (High) 

1 1801 

1 1 

oo 1 

1001 

1 

i ns 1 

1 1 


27 

T 

1 

1 

TdTxC(TxD) 

1 TxC 1 to TxD delay 

I (xl mode) 

i 1 

1 1 

3001 

1 

1 

1 1 

2201 ns 1 

1 1 


28 

T 

1 

1 

TdTxC(w/RRf) 

1 

1 TxC 1 to W/RDY 1 delay 

1 (Ready mode) 

1 1 

1 5| 

1 1 

9| 

1 

5| 

1 

1 CLKI 
9 1 Peri j 
i ods’^ 1 


29 

1 

1 

1 

TdTxC(INT) 

1 1 to TnT( delay 

1 

1 1 

1 5| 

1 1 

9l 

1 

5| 

1 

1 CLKi 
9|Peri | 

1ods*1 


30 

1 

1 

TcRxC 

1 _ 

1 RxC cycle time 

1 AOOl 

1 1 

OO 1 

330 i 

1 

OO 1 ns 1 

1 1 


31 

1 

1 

TwRxCl 

1_ 

1 RxC width (Low) 

1 1801 

1 1 

oo 1 

100 1 

1 

co 1 ns ! 

1 1 


32 

1 

TwRxCh 

1 

1 RxC width (High) 

1 1801 

1 1 

OO 1 

100 1 

1 

oO 1 ns 1 

1 1 


33 

1 

1 

1 

TsRxD(RxC) 

1 RxD to RxC 1 setup time 

1 (xl mode) 

1 1 

1 o| 

1 1 

- 1 

1 

0| 

1 

1 1 

- 1 ns 1 

1 1 


34 

1 

1 

1 

ThRxD(RxC) 

i_ 

1 RxC f to RxD hold time 

1 (xl mode) 

1 1 

1 1401 

1 1 

- 1 

1 

1001 

1 

1 1 

- 1 ns 1 

1 1 


35 

T 

1 

1 

TdRxC(W/RRf) 

1 

1 RxC 1- to W/RDY ) delay 

1 (Ready mode) 

n r 
1 101 

1 1 

131 

1 

10 1 

1 

1 CLKi 
13|Peri1 
|ods*i 


36 

1 

1 

1 

TdRxC(INT) 

1 

1 RxC I to INTi delay 

1 

1 1 

1 101 

1 1 

13| 

1 

10 1 

1 

1 CLKi 
13|Peri| 
|ods*| 


37 

1 

1 

1 

TdRxC(SYNC) 

1 

1 RxC ♦ to SYNC 1 delay 

1 (Output modes) 

1 i 

1 4| 

1 1 

71 

1 

4| 

1 

1 1 
7| aKi 
|ods*| 


38 

1 

1 

1 

TsSYNC(RxC) 

1 

i SYNC 1 to RxC ) setup 

1 (External sync modes) 

1 1 

l-iool 

1 1 

- 1 

1 

-1001 

1 

1 1 
~ 1 ns 1 

i 1 


(note) AC test condition 

VIH=2.4V, VIHC==VCC-0.6V, VIL=0.4V, VILC=0.6V 

VOH«2.2V, VOL=0.8V 

a=100pF 

* System Clock 

In all modes, the System Clock rate must be at least five times 
the maximum data rate. Restart must be active a minimum of one 
complete Clock cycle. 
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4.4 Capacitance 
TA = 25°C 



SYMBOL 

1 ITEM 1 

TEST CONDITION 

IMIN.iTYP.iMAX.lUNITl 


C CLOCK 

1 Clock Input 1 

f=lMHz 

1 - 1 - 1 7 1 pF 1 



1 Capacitance I 

All terminals except that 

1 1 1 1 1 


CIN 

1 Input Capacitance 1 

to be measured should be 

1-1 - 1 5 1 pF 1 


COUT 

lOutput Capacitance 1 

earthed. 

1 - 1 - 1 10 1 pF 1 
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4.5 Timing diagram 

Numbers shown in the following figures correspond with those in the 4.3 
A.C. Electrical Characteristics Table. 



Fig. 4.1 (a) Timing Diagram 
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5. Package Dimension 


Unit : mm 




Note 1* This dimension is measured at the center of bending point of 
leads. 

Note 2. Each lead pitch is 2.54mm, and all the leads are located within 
±0.25mm from their theoretical positions with respect to No.l 
and No.40 leads. 
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6. Precautions 

In the programming using the SIO, it can be used only for single channel 
according to registers and bits. 
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TMPZ84C60P 

CMOS Z80 Clock Generalor/Controller 
1. General Description and Features 

The TMPZ84C60P is a clock generator/controller for the TLCS-ZSO (CMOS) 
Family (Microprocessor (MPU) and its peripheral LSI's) fabricated with 

Toshiba's CMOS Silicon Gate Technology. The TMPZ84C60P is provided with 
two input terminals which are capable of selecting one of the following 3 
modes when the TLCS-Z80 MPU execute the HALT instruction. 

(1) RUN Mode 

The clock (CLK) output operation of the TMPZ84C60P is continued. The 
TLCS-“Z80 MPU is in the HALT state at this time and continues to 

execute the NOP instruction. 

(2) IDLE Mode 

The clock (CLK) output by the TMPZ84C60P is stopped. However, the 

internal oscillator only continues to run, 

(3) STOP Mode 

The operation of the TMPZ84C60P is completely stopped. 

In STOP Mode, the operation of the microcomputer system is completely 
stopped. Therefore, it becomes possible to keep the system at low 

power consumption. 

The TMPZ84C60P is molded in Toshiba's 16 pin standard DIP Package. 

The principal functions and features of the TMPZ84C60P are as follows. 

(1) Compatible with Toshiba CMOS Z80 (TLCS-Z80) 

(2) Low power consumption 

2mA Typ (@5V, 4MHz operation) 

500uA Typ ((a5V 4MHz) (IDLE Mode) 
lOuA Less (@5V stationary) (STOP Mode) 

(3) Single 5V power supply (5VclO%) 

(4) Extended operating temperature (-40*C to 85’C) 


(5) The 

following 3 modes are selectable 

o 

RUN Mode 

a 

IDLE Mode 

o 

STOP Mode 


(Note) Z80(R) is a registered trademark of Zilog Inc., U.S.A. 
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2. Pin Connections and Pin Functions 

The pin connections and I/O pin names and brief functions of the 

TMPZ84C60P are shown below. 

2.1 Pin connections 

The pin connections of the ' 

TMPZ84C60P 

are as shown in Fig. 2.1. 

NC C 

1 

16 

3 Vcc 

RSTIl C 

2 

17 

3 

HALT Z 

3 

18 

11 NC 

^ c 

4 

19 

U RESET 

RST02 Z 

5 

20 

] MS2 

RSTI2 Z 

6 

21 

] MSI 

CLK Z 

7 

22 

] XTAL2(X0UT) 

vss Z 

8 

23 

] XTALl(XIN) 

Fig. 2 

.1 Pir 

1 Connections 

2.2 Pin names and functions 

I/O pin names and functions 

of the 

! TMPZ84C60P are as shown in Table 2.1. 

Table 2.1 

Pin Names and Functions 

1 Pin Name |Number|Input/Outputi 
j lof Pin| 3-state I 



Function I 

1 


I RSTIl 



Input 

Input 

Input 


Output 

Input 

Output 


Restart signal from clock (CLK) stop state 
(Level trigger input) _ 

Hal? signal (HALT) input 
Machine cycle 1 (Ml) signal input 


Restart signal RSTI2 output 


Restart signal from clock (CLK) stop state 

(Edge trigger input) __ 

Single-phase clock output. 

When the HALT instruction in STOP Mode is 
executed, the TMPZ84C60P stops its operation 

and holds clock output at '*0*' level. __ 

Counter output stage selecting input. 

Input to set up a warming-up time at time 
of restart from the clock stop state in 
stop mode. 
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Pin Name I 

Number 
of Pin 

1 Input/Output 

1 3-state 


Function 



r 



T 

Reset signal. 



RESET 1 

1 

1 

1 Output 


Restart signal from clock (CLK) stop state 
(Level trigger input) 



MSI, MS2 1 

1 

1 

1 

2 

1 Input 


Mode selection input. 

One of 3 modes (RUN, IDLE, STOP) is 
selected according to the state of these 2 
pins 



XTAL 1 1 

(XIN) 1 

XTAL 2 1 

(XOUT) 1 

1 

2 

1 Input 

1 Output 


Crystal oscillator connecting terminal 



1 

NC 1 

1 

1 



Use in the open state 



1 

vcc 1 

1 

' 1 

1 Power supply 


+5V 



1 

vss 1 

1 

1 

I Power supply 

T 

OV 
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3. Description of Operation 

The system configuration, functions and basic operation of the TMPZ84C60P 
Clock Generator are described here. 

3.1 Block diagram 

The block diagram of the internal cinfiguration is shown in Fig. 3.1. 


XTAL2 

XTALl 


HALT MSI MS2 RSTIl RSTI2 Ml RESET 



DS 


Fig. 3.1 Block Diagram 


3.2 System cinfiguration 

The internal cinfiguration of TMPZ84C60P is as shown in Fig. 3.1. 

The waveform that is input by the external oscillator is converted into 
the square-wave for clock by the internal oscillator. Clock is 
controlled by the control circuit and the counter, and output to the 
outside. 

In this section, the following principal compoments and functions which 
must be known in using the T6497 will be described. 

(1) Generation of clock 

(2) Operation mode 

(3) Warming-up time at time of restart 
3.2.1 Generation of clock 

The T6497 has a built-in oscillation circuit and required clock can be 
easily output from CLK terminal by connecting an oscillator to the 
external terminals (XTALl, XTAL2). Clock in the same frequency as input 
oscillation frequency is output. 

Examples of oscillator connection are shown in Fig. 3.2. 

Quartz crystal unit characteristics are required following. 

(1) fosc = 4MHz (CIN=COUT=30pF) 

Rs 1 50 ohm 
Cs ^ 40 pF 

(ex. TOKYO DENPA COMP. LTD. "MR4000-C20’') 

(2) fosc = 2.5MHz (CIN=COUT=36pF) 

Rs X 300 ohm 
Cs ^ 4 pF 

(ex, TOKYO DENPA COMP. LTD. "MR2500-C20") 
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XTALl 0 P XTAL2 

HDh- 


CjNi ‘^OUT^ 


Fig. 3.2 Examples of Oscillator Connection 
3.2.2 Operation modes 

There are 3 kinds of operations modes; Run mode, IDLE mode, and STOP mode 
available for the T6497. One of these modes can be selected by the mode 
select input (MSI, MS2). These operation modes are effective when the 
TLCS-Z80 MPU is executing the HALT instruction. When fetching the HALT 
instruction, MPU outputs "0" on the HALT terminal to indicate that MPU 
enters into the HALT state. After executing the HALT instruction, the 
T6497 performs the operation in one of these mode by this signal. 

The operations of these modes in the HALT state are shown in Table 3.1. 

Table 3.1 T6497 Operation Modes 


MS 2 


MS2 


Operation Mode 


Content of Operation at HALT State 


RUN Mode 


Continues to supply clock to the outside. 


The internal oscillator only operates and 
supply of clock to the outside is stopped. 
Clock output (CLK) is held at *'0*' level. 


* 

Note) 


IDLE Mode 


STOP Mode 


The internal operations are all stopped. 
Clock output (CLK) is held at '*0” level. 


Note) MS2 can be used for any modes. 

Clock is continuously supplied in any mode except the HALT state. MPU is 
restarted from t he c lock stop state in IDLE mode and STOP mode by 
inputting one of RSTIl, RSTI2 or RESET signal. 

MPU is released from the HALT state by the input of RES ET signal or 
acceptance of maskable (INT signal) or non-maskable (NMI signal) 
interrupt request. Tehrefore, these signals are normally connected to 
MPU as f ollows: 

o RESET signal is commonly used with MPU. 

o INI signal (maskable interrupt input) and RSTIl signal (restart input) 
are commonly used. 

o RET 02 signal (output of restart input signal RSTI2) is connected to 
NMI signal (non-maskable interrupt input). 
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3.2.3 Warming-up time at restart (STOP mode) 

When released from the HALT state by acceptance of interrupt request, MPU 
will execute the interrupt routine. Therefore, to restart the clock by 
RSTIl or RSTI2 restart signal in STOP mode it is necessary to supply 
clock to the outside after the oscillation is sufficiently stabilized. 
The TMPZ84C60P provides a sufficient warming-up time enough to reach 
stabilized frequency by operating the internal counter. The warming-up 
is completed and clock output is started at the trailing edge of the 
internal counter output which is divided oscillation frequency. There is 
the DS input terminal provided for setting this warming-up time, and a 
time of 2**17 (DS=0) or 2**14 (DS=1) division of the externally connected 
oscillator is provided. 

The block diagram of the internal counter unit is shown in Fig. 3.3 and 
the relationship bedtween the logic of the DS terminal and warming-up 
time is shown in Table 3.2. _ 

Further, in case of the restart by RESET signal, the internal counter 
does not operate for a quick operation at time of power ON. 



Fig. 3.3 Block Diagram of Internal Counter 
Table 3.2 Warming-up Time 


II 1 _ _ 1 

Ids I Counter Output I Warming-up Time 1 

III 1 

1^^ 


1 1fXTAL=4MHz 

1fXTAL=2.5MHz 

fXTAL=400kHz1 

1 1 

1 01 

2**18 

1 1 
|2**17/fXTAL| =32.Sms 

1 =52.4ms 

*328ms 1 

1 11 

1 1 

2**15 

i2**14/fXTALl = 4 ms 

1 1 

1 = 6.6ms 

1 

= 40ms 1 
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3.3 Status change flowchart and basic timing 

In this section, the status change and basic timing when the TMPZ84C60P 
is operating are explained. 

3.3.1 Status change flowchart 


CLOCK OUTPUT 
SUCCESSION 


CLOCK OUTPUT 
STOP 



FIG. 3.4 Status Change Flowchart 
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3.2.2 Basic timing 

(1) Operation when HALT instruction is executed 

The basic timing of each mode when the TLCS-Z80 MPU executes the HALT 
instruction is explained. 

In synchronous with the fall of T4 state of the HALT instruction 
operation code fetch cycle (Ml), MPU makes the HALT signal to "0” level. 
By this signal , the TMPZ84C60P detects that MPU is going to enter into 
the HALT state. 

(a) RUN mode (MS=1, MS2=1) 

The basic timing of RUN mode is shown in Fig. 3.5. 

In the RUM mode, clock is continuously supplied to the outside even 
when MPU is in the HALT state. This mode is used on a system requiring 
the memory address refresh. 



Fig. 3.5 RUM Mode Timing 


(b) IDLE mode (MS1=0) and STOP mode (MS1=1, MS2=0) 

The basic timing in the IDLE and STOP modes is shown in Fig. 3.6. 

In these modes, clock outpu^is stopped at the "0" level during T4 
state by the HALT signal and Ml signal following the HALT instruction. 
However, in case of the stop mode the internal oscillator of the 
TMPZ84C60P is also stopped. 



Fig. 3.6 IDLE/STOP Mode Timing 
(2) Restart from clock stop 

The clock is restarted from the stopped state in the IDLE or STOP mode 
when "0” is input to any one of the following signals: 
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o RSTI1 (level trigger input) 
o RSTI2 (edge trigger input) 
o RESET (level trigger input) 

(a) Restart in IDLE mode 

The restart sequence from the clock output stop state in the IDLE mode 
is shown in Fig, 3.7. In the restart in the IDLE mode, the clock 
output is restarted in a relatively short delay time as the internal 
oscillator is in operation even during the clock output is kept 
stopped. 


CLK 


T4 T1 T2 T3 

(CLOCK STOPPING STATE) _rL_ri_rL_ 


HALT "O 


MI 


RSTI I 
RSTI2 
RESET 


\_ r~ 


u 


Fig. 3.7 Restart Sequence Timing from Clock Stop State (IDLE mode) 

(b) Restart in STOP mode 

The restart sequence from the clock output stopped state in the STOP 
mode is shown in Fig. 3.8. In restarting the clock output by inputting 
'*0" into RSTIl or RSTI2 signal, a warming-up time is automatically 
provided by the internal counter. 



Fig. 3.8 Restart Sequence Timing from Clock Stop State (STOP mode) 
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3.4 Method of use _ 

Connection of the TMPZ84C60P with MPU is explained here on the HALT 
release operation. 

3.4.1 Common use of RESET signal 

Shown in Fig. 3.9 are examples of restart timing in the STOP mode when 
the TLCS-Z80 MPU and TMPZ84C60P use RESET signal commonly. 

To reset the TLCS-Z80 MPU, ElESET signal must be kept at ”0" level for at 
least 3 clocks. Further, when RESET signal becomes "1" level, MPU is 
released from the HALT state after the dummy cycle for at least 2T states 
and executes an instruction starting from address OOOOH. 


In restarting the clock output in the STOP mode by RESET signal , the 
internal counter for determining the warming-up time does not operate. 
Note that MPU may not be restarted properly due to unstable clock output 
immediately after the internal oscillator is restarted. Therefore, RESET 
signal should be kept at "0" level for a sufficient period of time enough 
to firmly reset MPU by taking stability of crystal oscillation at time of 
power ON. 


NOP INSTRUCTION 
EXECUTION 1 


EXECUTE INSTRUCTION PROM 
,AEERESS OOOOH 


CLK 


P[ALT 


T1 T2 T3 T4 

ITLTLrLrL^^ 
A_ 


T1 T2 T3 T4 


^ \_ f 


RESET 




\ 


-if- 


f 


Fig. 3.9 Example of Clock Restart Timing by RESET Signal 

3.4.2 HALT release by interrupt signal 

When the TMPZ84C60P is in the IDLE or STOP mode, the clock output is 
restarted by RSTIl or RSTI2 signal input and MPU starts to run according 
to that clock input. However, after the clock output, MPU is still in 
the HALT state and executes the NOP instruction. To releas e M PU from the 
HALT state, it is necessary to input the interrupt signal (INT or NHl). 
MPU samples the interrupt signal at the leading edge of the last clock of 
each instruction (NOP instruction for the HALT state). 

(1) When non-maskable interrupt (NMI) is used: 

The non-maskable interrupt is the edge trigger input, and there is a 
flip-flop (F/F) in MPU. The state of this internal NMI F/F is sampled at 
the leading edge of the last clock of an instruction. Therefore, if a 
short low active ("0”) pulse has been input before the interrupt signal 
sampling timing, this interrupt request is accepted. 
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RSTI2 input of the TMPZ84C60P is output to RST02 through the internal 
circuit. It is therefore recommended that the restart signal is 
generated to the RSTI2 input terminal and RST02 signal is output into the 
NMI terminal of MPU. 

(2) When maskable interrupt (INT) is used: 

For maskable interrupi^ the interrupt enable flip-flop (IFF) must be set 
to "1" before "0" of INT input signal is re cogn ized. In the connection of 
MPU and TMPZ84 C60P, this interrupt signal INT is jointly used with the 
restart signal RSTI l of the TMPZ84C60P. Shown in Fig. 3.10 are examp les 
of the timi ng wh en RST02 output signal of the TMPZ84C60P is input to NMI 
of MPU and RSTIl signal of the TMPZ84C60P is jointly used with INT signal 
of MPU. 


T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 



1 

INTERRUPT SAMPLING TIMING 


Fig. 3.10 Example of Clock Restart Timing by RSTIl or RSTI2 Signals 
3.4.3 Example of connection 

A connecting example of the TMPZ84 C60P and MPU is shown in fig. 3.11. 
This figure shows an example when RST02 output signal of the TMPZ8 4C60P 
is input into NMI of MPU by jointly using RESET signal with MPU and RESIl 
signal of the TMPZ84C60P and INT signal of MPU are joinly used. 
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4. Electrical Characteristics 
4.1 Absolute Maximum Ratings 



Symbol 

Item 

1 Rating 

1 

Unit 1 


VCC 

Supply Voltage 

1 -0.5 to +7 

1 

V 1 


VIN 

. 

Input Voltage 

1 -0.5 to Vcc +0.5 

1 

V 1 


PD 

Power Dissipation (TA=85*C) 

1 250 

1 

mW 1 


TSOLDER 1 

Soldering Temperature (10 sec) 

1 260 

1 

_ 1 . 

’c 1 


Tstg 1 

Storage Temperature 

1 -65 to 150 

1 

‘c 1 


Topr 1 

Operating Temperature 

! -40 to 85 

1 

'c 1 


4.2 DC Electrical Characteristics 

TA = -40°C to 85°C, VCC = 5V + lOZ, VSS = OV 



SYMBOL 

1 ITEM i 

TEST CONDITION 

1 

MIN. 1 

TYP. ! 

MAX. 

iUNITl 


VIL 

1 Input Low Voltage 1 

1 (Except XTAL 1,2) 1 


1 

1 

-0.5 1 

1 

1 

0.8 

1 V 1 

1 1 


VIH 

! Input High Voltage i 

1 (Except XTAL 1,2) 1 


1 

! 

2.2 1 

1 

1 

VCC 

i V 1 

1 1 


VOLC 

1 Output Low Voltage 1 

1 (CLK) 1 

lOL = 2.0mA 

1 

1 

1 

1 

0.4 

1 V 1 

1 1 


VOL 

! Output Low Voltage ! 

! (Except CLK) 1 

lOL = 2.0mA 

i 

1 

1 

1 

0.4 

1 V 1 
i 1 


VOHC 

i Output High Voltage ! 
i (CLK) i 

lOH = -250liA 

1 

1 

vcc-o.el 

1 

1 

— 

1 V 1 

1 1 


VOHl 

1 Output High Voltage i 

1 (Except CLK) I 

lOH = -1.6mA 

1 

1 

2.4 1 

1 

1 

— 

i V 1 

1 i 


V0H2 

1 Output High Voltage i 
! (Except CLK) 1 

lOH = -250uA 

1 

1 

VCC-0.8i 

1 

1 

— 

1 V 1 

1 ! 

j 

ILI 

1 Input Leak Current 1 

1 1 

VSS< VIN< VCC 

i 

1 

1 

1 

Cl 

! aiA 1 

1 1 


ICCl 

i Supply Current I 

1 (Operation) 1 

1 (RUM Mode) 1 

1 1 

1 1 

VCC=5V, 
fXTAL=4MHz 
VIHC=VIH=VCC- 
0.2, VILC=VIL= 
0.2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 1 

1 

1 

1 

4 

! 1 

! mA i 
! 1 

1 i 

! 1 


ICC2 

1 Supply Current 1 

1 (STOP Mode) 1 

1 1 

1 1 

VCC==5V, 
VIHC=VIH=VCC- 
0.2, VILC=VIL= 
0.2 

1 

1 

1 

1 

1 

1 

i 

1 

0.31 

1 

1 

10 

1 1 

1 AiA 1 

1 I 

1 1 

1 

ICC3 

1 Supply Current 1 

1 (IDLE Mode) i 

1 1 

1 1 

1 1 

VCC=5V, 
fXTAL=4MHz 
VIHC=VIH=VCC- 
0.2, VILC=VIL= 
0,2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0.5| 

1 

1 

1 

1 

1 1 

1 mA 1 

i 1 

1 1 

1 1 
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TA = -AO’C to 85*C, VCC = 5V + 10%, VSS = OV (*): TEST CONDITION 



NO. 

1 SYMBOL 

1 ITEM 


1 (* 

) iMIN.lTYP.h 

ML^X. |l 

UNIT 


1 

1 TcC 

1 CLK frequency 


1 

1 2501 - 1 

- 1 

ns 


2 

1 TwCh 

1 High CLK width 


1 

1 1101 - 1 

- I 

ns 


3 

1 TwCl 

1 Low CLK width 


1 

! 1101 - 1 

- 1 

ns 


A 

1 TrC 

1 CLK rising time 


1 

1 - 1 - 1 

15 1 

ns 


5 

1 TfC 

1 CLK falling time 


i 

1 - 1 - 1 

15 1 

ns 


6 

1 TsHALT(Mlr) 

1 

i HALT set-up time 


1 

1 

1 1 1 

1 101 - 1 

1 

ns 


7 

1 TwRSTIl 

1 

1 Low RSTIl width 


1 

1 

1 ! 1 

1 801 - 1 

1 

ns 


8 

i TwRSTI2 

i Low RSTI2 width 


1 

1 

1 ^ T 

1 2001 - 1 

1 

ns 


9 

1 TdRST02 

1 

1 RST02 delay time 


1 

1 

1 1 1 

1 

100 1 

ns 



1 (RSTI2f) 

1 


1 

1 1 1 

1 



10 

1 TwRST02 

1 

1 Low RST02 width 


! 

1 

1 1 1 

1 801 - 1 

1 

ns 


11 

1 TwRESET 

1 

1 Low RESET width 


1 

1 

1 1 1 

1 801 - 1 

1 

ns 




1 

1 

1 

! I(2**| 

1 



12 

1 TRSTIS 

1 CLK restart time 

1 

DS=0| 

1 - |17+ 1 

- 1 

ns 




1 by RSTIl 

1 

i 

1 12.5)1 

1 





1 (STOP Mode) 

1. 

1 

1 iTcC 1 

1 





1 


1 

1 i(2**l 

1 





1 

1 

DS=1| 

1 - |1A+ 1 

- 1 

ns 




1 

1 

1 

1 I2.5)| 

1 





1 

1 

1 

1 iTcC 1 

1 






1 

1 

1 l(2**| 

1 



13 

1 TRST2S 

1 CLK restart time 

1 

DS=0| 

! -117+1 

- 1 

ns 




1 by RSTI2 

1 

1 

1 |2.5)| 

1 





1 (STOP Mode) 

1. 

1 

1 iTcC 1 

1 





1 


1 

1 1(2**! 

1 





1 

1 

DS=11 

i - |1A+ 1 

- 1 

ns 




1 

1 

i 

1 |2.5)| 

1 





1 

1 

1 

1 iTcC 1 

1 



lA 

1 TRSTII 

1 CLK restart time 

by 

i 

1 - i 2.51 

- 1 

ns 




1 RSTIl (IDLE Mode) 


1 

1 1 TcCi 

1 



15 

1 TRST2I 

1 CLK restart time 

by 

1 

1 - 1 2.5i 

- 1 

ns 




1 RSTI2 (IDLE Mode) 


i 

1 1 TcCi 

1 



16 

1 TRESETI 

1 CLK restart time 

by 

1 

1 “ 1 1 1 

- 1 

ns 




1 RESET (IDLE Mode) 


1 

1 1 TcCl 

1 



(Note) Test conditions 

1) Input high voltage VIH = 2.4V, Input low voltage VIL = O.AV 

2) Test ing point 

a VOH = 2.2V, VOL - 0.8V (however, except CLK output) 
b CLK Output: VOH = VCC-“0.6V, VOL = O.AV 


TMPZ84C60P 
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4.4 Capacitance 
TA = 25’C 



SYMBOL 

1 ITEM 1 

TEST CONDITION 

IMIN. 

TYP.IMAX.lUNIT| 


CCLOCK 

I Clock Input 1 

f=lMHz 

1 - 

- 1 15 1 pF 1 



1 Capacitance I 

All terminals except that 


1 i 1 


CIN 

1 Input Capacitance I 

to be measured should be 

1 

- 1 5 I pF 1 


GOUT 

1 Output Capacitance 1 

earthed. 

1 - 

- 1 6 I pF 1 
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Fig. 4.3 Clock Restart Timing (STOP Mode) 


T4 TI T2 



Fig. 4.4 Clock Restart Timing (IDLE Mode) 
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6. Precautions 

When the TMPZ84C60P is used, care should be taken to the following points. 

(1) In using RESET signal commonly with MPU, hold RESET signal at "0" for a 
sufficient period of time enough to positivel y res et MPU. Especially, in 
case of the restart in the STOP mode using RESET signal, be careful as 
output of the internal oscillator is not stable. 

(2) MPU is not released from the HALT state simply when the clock input is 
resumed. To release MPU, it is necessary to reset MPU or accept an 
interrupt request. 

(3) Since RSTI2 signal of the TMPZ84C60P and NMI signal of MPU are both 
trailing edge trigger inputs, if both signals are jointly used, RSTI2 
signal only may be detected and NMI signal may not be detected in some 
cases. This trouble can be solved by using RST02 signal, which is the 
output signal of RSTI2 input signal, as the input signal to NMI in order 
to a sufficient pulse for the detection. 
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8-BIT SINGLE CHIP MICROPROCESSOR 
GENERAL DESCRIPTION 

The TMP8085AP, from here on referred to as the TMP8085A, is a new generation, 
complete 8 bit parallel central processing unit (CPU). Its high level of system 
integration allows a minimum system of there IC’s : TMP8085A (CPU), TMP8155P/ 
TMP8156P (RAM/IO) and TMP8355P (ROM/IO). The TMP8085A uses a multiplexed data 
bus. The address is plit between the 8 bit address bus and the 8 bit data bus. 

The on-chip address latches of T^^P8155P/TMP8156P/TMP8355P memory products 
allow a direct interface with TMP8085P. 

FEATURES 

. 0.8viSec Instruction Cycle (T1IP8085AP-2 : CLK Cycle Period @200nSec) 

. Single +5V Power Supply 

. On-Chip Clock Generator (with External Crystal or RC Network) 

. On-Chip System Controller; Advanced Cycle status information available for 

Large System Control 

. 4 Vectored Interrupts (One is Non-Maskable) 

. Decimal, Binary and Double Precision Arithmetic 
Serial In/Serial Out Port 

. Direct Addiessing Capability to 64K Bytes of Memory 
. Compatible with Intel's 8085A 


PIN CONNECTION 

(TOP VIEW) 


BLOCK DIAGRAM 


XlC 

1 

40 

p Vcc r 

X 2 C 

2 

39 

□ HOLD 

RESET OUTC 

3 

38 

J hlda 

sodL 

A 

37 

3 CLK(OUT) 

SIDC 

5 

36 

3 RESET IN 

TRAPC 

6 

35 

3 READY 

RST7j5C 

7 

34 

□ lO/M 

RST 6 .5C 

8 

33 

□ Si 

RST5.5C 

9 

32 

3 RD 

intrc 

intac 

10 

31 

3 yp 

11 

30 

□ ALE 

ADqC 

ADjC 

12 

29 

□ So 

13 

28 

□ Ai5 

AD 2 C 

14 

27' 

□ Am 

AD 3 C 

15 

26 

□ Ai2 

AD^C 

16 

25 

AD^d 

17 

24 

□ All 

ADeC 

18 

23 

=^Aio 

AD^ 

19 

22 

^ Ag 

Vss^ 

20 

21 

□ Ag 


ACCUMUI.ATOR 
LATCH_ 


TEMP. 

REG. 




\AF 

\l 


ARITHMETIC V 


LOGIC UNIT 


(ALU) 


lACCUMm^ATOPl 


7 


I FLA^REgI —I 


INTR 

RST5.5,6.5,7.5 

TRAP 


INTERRUPT CONTROL 


INTERRUPT MASK 
SERIAL I/O 
CONTROL _ 


t SOD 
SID 


TEMP-REG. 

TEMP-REG. 

B - REG. 

C - REG. 

D - REG. 

E - REG. 

H - REG. 

L - REG. 

STACK POINTER TSP^ 

PROCRAM COUNTER (PC) 

INCREMENTERA)ECREMENTER_ 
ADDRESS LATCH 


INSTRUCTION 

REGISTOR 


INSTRUCTION 
DECODER & 
MACHINE CYCLE 
ENCODING__ 


X 


TIMING AND CONTROL 


16 


FIGURE 2. TMP8085A PINOUT I 

bATA/ADDRESS 

M 1 

ADDRESS . 

DIAGRAM 1 

bUFFER ^ __ _ 

r 1 

BUFFER 

r "■ .- 


18 


|8 


DATA/ADDRESS BUS 

ADDRESS B 


ADn- 7 


Ar- 1 s 


F 


G eset out 

ESETIN 


clkxtrd SqAle hold 
X i%_Si hlda 

INTA lO/M READY 
FIGURE 2. TMP8085A 
PINOUT DIAGRAM 
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PIN NAME AND PIN DESCRIPTION 

Xl, X2 (Input) 

Crystal, LC, or RC network are connected to Xl and X 2 to drive the internal clock 
generator. Xl and X 2 can also be driven from an externally derived frequency 
source. The input frequency is devided by 2 to give the processor's internal 
operating frequency. 

CLK (Output) 

Clock Output for use as a system clock. The period of CLK is twice the Xi, X2 
input period. 

RESETIN (Input) 

The RESET Input initialize the processor by clearing the program counter, instruc¬ 
tion register, SOD latch. Interrupt Enable flip-flop and HLDA flip-flop. The 
address and data buses and the control lines are 3-stated during RESET and because 
of the asynchronous nature of RESET, the processor's internal registers and flags 
may be altered by RESET with unpredictable results. RESET IN is a Schmitt- 
triggered input, allowing connection to an RC network f or power on RESET delay. 

The TMP8085A is held in the reset condition as long as RESET IN is applied. 

RESET OUT (OUTPUT) 

The RESET OUT signal indicates that the TMP8085A is being reset. It can be used 
as a system reset. It is synchronized to the processor clock and lasts an integral 
number of clock periods. 

SOD (Output) 

Serial output data line. The output SOD is set or reset as specified by the SIM 
instruction. 

SID (Input) 

Serial input data line. The data on this line is loaded into accumulator bit 7 
whenever a RIM instruction is executed. 

INTR (Input) 

INTERRUPT REQUEST signal provides a mechanism for external devices to modify the 
instruction flow of the program in progress. It is sampled only during the next 
to the last clock cycle of an instruction and during Hold and Halt states. If it 
is recognized, the processor will complete the execution of the current instruc¬ 
tion, and then the Program Counter (PC) will be inhibited from incrementing and 
an INTA will be issued. During this cycle a RESTART or CALL instruction can be 
inserted to jump to the interrupt service routine. The INTR is enabled and dis¬ 
abled by software. It is disabled by RESET and immediately after an interrupt is 
accepted. 
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INTA (Output) 

INTERRUPT ACKNOWLEDGE: Occurs in response to an Interrupt input and indicates 
that the processor will be ready for an interrupt instruction on the data bus. 

It is used instead of (and has the same timing as) RD during the instruction 
cycle after an INTR is accepted. 

RST 5.5 ) 

RST 6.5 V (Inputs) 

RST 7.5 1 

RESTART INTERRUPTS: These three inputs have the same timing as INTR exept they 
cause an internal RESTART to be automatically inserted. These interrupts have 
a higher priority than INTR. The priority of these interrupts is ordered as 
shown Table 1. They may be individually masked out using the SIM instruction. 

TRAP (Input) 

Trap interrupt is a nonmaskable RESTART interrupt. It is sampled at the same 
timing as INTR or RST 5.5 - 7.5. It is unaffected by any mask or Interrupt 
Enable. It has the highest priority of any interrupt. 

ADq - AD 7 (Input/Output, 3 - state) 

Lower 8 bits of the memory address (or I/O address) appear on the bus during the 
first clock cycle (Tp state) of a machine cycle. It then becomes the data bus 
during the second and third clock cycles. 

A 8 " Ai 5 ( 0 utput, 3-state) 

The most significant 8 bits of the memory address or the 8 bits of the I/O address, 
3-stated during Hold and Halt modes and during RESET. 

So, Si, and lO/M (Output) 

Machine cycle status: 


lO/M 

Si 

So 

Status 

0 

1 

1 

Opcode fetch 

0 

1 

0 

Memory read 

0 

0 

1 

Memory write 

1 

i 

0 

I/O read 

1 

0 

1 

I/O write 

1 

1 

1 

Interrupt Acknowledge 

TS 

0 

0 

Halt 

TS 

X 

X 

Hold 

TS 

X 

X 

Reset 

Note: TS 

= 3- 

■state 

(high impedance) 


X = unsoecified 
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ALE (Output) 

Address Latch Enable: It occurs during the first clock state of a machine cycle 
and enables the address to get latched into the on-chip latch of peripherals. 

The falling edge of ALE can be used to strobe the status information. ALE is 
never 3-stated. 

WR (Output, 3-state) 

WRITE control: A low level on WR indicates the data on the Data Bus is to be 
written Jjnto the selected memory or I/O location. Data is set up at the trailing 

edge of WR. It is 3-stated during Hold and Halt modes and during RESET. 

RD (Output, 3-state) 

READ control: A low level on RD indicates the selected memory or I/O device to 

be read and that the Data Bus is available for the data transfer, 3-stated during 

Hold and Halt modes and during RESET. 

READY(Input) 

When READY is absent (low), indicating the external operation is not complete, 
the processor will enter the Wait state. It will wait an integral number of 
clock cycles for READY to go high before completing the read or write cycle. 

HOLD (Input) 

The Hold input allows an external signal to cause the processor to relinquish 
control over the address bus and the data bus. When Hold goes active, the 
processor completes its current operation, activates the HLDA output, and puts 
the Address, Data, RD, WR, and lO/M lines into their high-impedance state. 
Internal processing can continue. The Holding device can then utilize the 
address and data bus^s without interference. The processor can regain the bus 
only after the Hold is removed. 

HLDA (Output) 

The Hold Acknowledge output signal is a response to a Hold input. It indicates 
that the processor has received the HOLD request and it will relinquish the 
bus in the next cycle. HLDA goes low after the Hold request is moved. The 
processor takes the bus one half clock cycle after HDLA goes low. 

VCC 

+5 volt supply 

vss 

Ground Reference 
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FUNCTIONAL DESCRIPTION 

The TMP8085A is a complete 8-bit parallel central processor. Its basic clock 
speed is 3 MHz. Also it is designed to fit into a minimum system of three IC's: 

The CPU (TMP8085A), a RAM I/O (TMP8155P or TMP8156P), and a ROM or EPROM I/O chip 
(TMP8335P or TMP8755AC). 

The TMP8085A is provided with internal 8-bit registers and 16-bit registers. The 
TMP8085A has eiglit addressable 8-bit registers. Six of them can be used either 
as 8-bit registers or as 16-bit register pairs. In addition to the register 
pairs, the TMP8085A contains two more 16-bit registers. The TMP8085A register 
set is as follows: 

• The accumulator (A Register) is the focus of all of the accumulator instructions, 
which include arithmetic, logic, load and store, and I/O instructions. 

• The program counter (PC) always points to the memory location of the next 
instruction to be executed. 

• General - purpose registers BC, DE, and HL may be used as 8-bit registers or as 
three 16-bit registers, interchangeably, depending on the instruction being 
performed. 

• The stack pointer (sp) is a special data pointer that always points to the stack 
top (next available stack address). 

• The flag register contains five one-bit flags, each of which records processor 
status information and may also control processor operation. 

The five flags in the TMP8085A CPU are shown below: 


(MSB) 


D? 

D6 

DS 

Da 

D3 

D2 

Dl 

DO 

s 

z 


AC 


P 


C 


The carry flag (C) is set and reset by arithmetic operations. An addition opera¬ 
tion that resutls in an overflow out of the high-order bit of the accumulator 
sets the carry flag. The carry flag also acts as a "borrow" flag for subtract 
instruction. 

The auxiliary carry flag (AC) indicates overflow out of bit 3 of the accumulator 
in the same way that C flag indicates overflow out of bit 7. This flag is 
commonly used in BCD arithmetic. 

The sign flag (S) is set to the condition of the most significant (MSB) bit of 
the accumulator following the execution of arithmetic or logic instructions. 

The zero flag (Z) is set if the result generated by certain instructions is zero. 
The zero flag is cleared if the result is not zero. 

The parity flag (P) is set to 1 if the parity (number of 1-bits) of the accumu¬ 
lator is even. If odd, it is cleared. 
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In the TMP8085A microprocessor are contained the functions of clock generation, 
system bus control, and interrupt priority selection, in addition to execution 
of the instruction set. The TMP8085A uses a multiplexed Data Bus. The address 
is split between the higher 8-bit Address Bus and the lower 8-bit Address/Data 
Bus. During the first T state (Tx clock cycle) of a machine cycle the lower 
order address is sent out on the Address/Data Bus. These lower 8 bits may be 
latched externally by the Address Latch Enable signal (ALE). During the rest 
of the machine cycle the data bus is used for memory or I/O data. 

INTERRUPT AND SERIAL l/O 

The TMP8085A has 5 interrupt Inputs: INTR, RST 5.5, RST 6.5, RST 7.5, and TRAP. 
INTR is identical in function to 9080A INT. Each of three RESTART inputs 5.5, 

6.5, 7.5, has a programmable mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 

The three RESTART interrupts cause the internal execution of RESTART if the 
interrupts are enabled and if the interrupt mask is not set. The nonmaskable 
TRAP causes internal execution independent of the state of the interrupt 
enable or masks. 

There are two different types of inputs in the restart interrupts. RST 5.5 and 
RST 6.5 are high levelsensitive like INTR and are recognized with the same 
timing as INTR.RST 7.5 is rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an internal flip-flop which generates 
the interrupt request. The RST 7.5 request flip-flop remains set until the 
request is serviced. Then it is reset automatically. This flip-flop may also be 
reset by using the SIM instruction or by issuing a RESET IN to the TMP8085A. The 
RST 7.5 internal flip-flop will be set by a pulse on the RST 7.5 pin even when 
the RST 7.5 interrupt is masked out. 

The interrupts are arranged in a fixe. ^>iiority that determines which interrupt 
is to be recognized if more than one s pending : TRAP-highest priority. 

RST 7.5, RST 6.5, RST 5.5, INTR - lowest priority. This priority scheme 
does not take into account the priority of a routine that was started by a higher 
priority interrupt. RST 5.5 can interrupt a RST 7.5 routine if the interrupts 
were reenabled before the end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic errors such as power failure or bus 
error. It is not affected by any flag or mask. The TRAP input is both edge and 
level sensitive. The TRAP input must go high and remain high until it is acknow¬ 
ledged. It will not be recognized again until it goes low, then high again. 

This avoids any false triggering due to noise or logic glitches. 
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TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY 


Name 

Priority 

Address Branched to 
When Interrupt Occurs 

Type Trigger 

TRAP 

1 

24 (Hex.) 

Rising edge and high level until 
sampled. 

RST 7.5 

2 

3C (Hex.) 

Rising edge (latched). 

RST 6.5 

3 

34 (Hex) 

High level until sampled. 

RST 5.5 

4 

2C (Hex.) 

High level until sampled. 

INTR 

5 

See Note (2) 

High level until sampled. 


Notes: (1) The processor pushes the PC on the stack before branching 
to the indicated address. 

(2) The address branched to depends on the instruction provided 
to the TMP8085A when the interrupt is acknowledged. 


The TRAP interrupt is special in that it disables interrupts, but preserves 
the previous interrupt enable status. Performing the first RIM instruction 
following a TRAP interrupt allows you to determine whether interrupts were 
enabled or disabled prior to the TRAP. All subsequent RIM instruction 
provide current interrupt enable status. Performing a RIM instruction follow¬ 
ing INTR, or RST 5.5- 7.5 will provide current interrupt enable status, 
revealing that interrupts are disabled. 

The serial I/O system is also controlled by the RTM and SIM instructions. 

SID is read by RI,M, and SIM sets the SOD date. 


BASIC TIMING 

The execution of each instruction by the TMP8085A consists of a sequence of 
from one to five machine cycles, and each machine cycle consists of a 
minimum of from three to six clock cycles. Most machine cycles consist of 
three T states, (cycles of the CLK output) with the exception of opecode 
fetch, which normally has either four or six T states (unless WAIT or HOLD 
states are forced by the receipt of READY or HOLD inputs). Any T state 
must be one of ten possible states, shown in Table 3. 

At the beginning of every machine cycle, the TMP8085A sends out three status 
signals (lO/M, Si, So) that define what type of machine cycle is about to 
take place. The TMP8085A also sends out a 16-bit address at the beginning 
of every machine cycle to identify the particular memory location or I/O 
port that the machine cycle applies to. 


The special timing signal, ADDRESS LATCH ENABLE (ALE), is used 
sample the lower 8~bits of address on the ADq - ADy lines. ALE 
during Ti of every machine cycle. Control lines ^ (INTA) and 
active later, at the time when the. transfer of data is to take 
Figure 3 shows an instruction fetch, memory read and I/O write 
occur during processing of the OUT instruction). 


a strobe to 
is present 
WR become 
piece. 

cycle (as would 
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TABLE 2. TMP0085A MACHINE CYCLE CHART 


MACHINE CYCLE 

OPCODE FETCH 
MEMORY READ 
MEMORY WRITE 
I/O READ 
I/O WRITE 

ACKNOWLEDGE OF INTR 
BUS IDLE : DAD 

ACK. OF 
RST, TRAP 
HALT 


lO/M Si 


WR INTA 


NOTE; 0= Logic "0", 1= Logic "1", TS=High Impedance 

TABLE 3. TMP8085A MACHINE STATE CHART 


MACHINE 

STATE 

Sl»So 

lO/M 

A 8 -A 15 

f^DQ-ADy 

RD,WR 

INTA 

ALE 

T1 

X 

X 

X 

X 

1 

1 

1 ** 

T2 

X 

X 

X 

X 

X 

X 

0 

TwAIT 

X 

X 

X 

X 

X 

X 

0 

T3 

X 

X 

X 

X 

X 

X 

0 

T4 

1 

of 

X 

TS 

1 

1 1 

0 

T5 

1 

ot 

X 

TS 

1 

1 

0 

T6 

1 

Of 

X 

TS 

1 

1 

1 

0 

TrESET 

X 

TS 

TS 

TS 

TS 

1 

0 

thalt 

0 

TS 

TS 

TS 

TS 

1 

0 

ThOLD 

X 

TS 

TS 

TS 

TS 

1 

0 


NOTES; (1) 0 = Logic "0", 1 = Logic "1", TS = High Impedance, X = Unspecified 

(2) ®ALE not generated during 2nd and 3rd machine cycles of 
DAD instruction 

(3) t lO/M = 1 during T 4 - T 6 of INA machine cycle 
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M2 
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DRIVING THE Xl AND X2 INPUTS 

You may drive the clock inputs of the TMP8085A with a crystal, an LC tuned 
circuit, an RC network or an external clock source. The driving frequency 
must be at least 1 MHz, and must be twice the desired internal clock frequency. 

A. Quartz Crystal Clock Driver 

If a crystal used, it must have the following characteristics. 

• Parallel resonance at twice the clock frequency desired 

• Cs (shunt capacitance) < 7 PF 

• Rg (equivalent shunt resistance) < 75 Ohms 



Note a value of the external capacitors Cx and C2 between XI, X2 
and ground. 

We recommended the following. 

lMHz<f<AMH 2 : Ci=20pF, C2=20pF 

AMHz<fl8MHz: Ci = 10pF, C 2 = 10pF 

8 MHz< f< lOMHz: Cj^O, C 2 -O 
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B. LC Turned Circuit Clock Driver 

A parallel-resonant LC circuit may be used as the frequency-determining 
network for the TMP8085A, providing that its frequency tolerance of 
approximately 10% is acceptable. The components are chosen from the 
formula. 


27T /L (Cext Cint) 

The use of an LC circuit is not recommended for frequencies higher than 
approximately 5 MHz. 



C. RC Circuit Clock Driver 

An RC circuit may be used as the frequency - determining network for the 
TMP 8085A if maintaining a precise clock frequency is of no importance. 
Variations in the on-chip timing generation can cause a wide variation 
in frequency when using RC circuit. The driving frequency generated by 
the circuit shown is approximately 3 MHz. It is not recommended that 
frequencies greatly higher or lower than this be attempted. 


..I 

< 

1 

= 10K 



Xl 


X2 


f = 3 MHz 
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POWER ON AND RESET IN 

The TMP 8085A is not guarante ed to work until 10 ms after Vcc reaches A.75 V. 
It is suggested that RESET IN be kept low during this period. 

Note that the 10 ms period does not include the time it takes for the power 
supply to reach its A.75 V level. 
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Symbols and Abbreviations 



SYMBOLS 

DEFINITION 



ddd,sss 

The bit pattern designating one of the 

registers 


A,B,C,D,E,H,L (dJd 

=destination, sss=source): 


ddd or sss 

REGISTER NAME 



111 

A 



000 

B 



001 

C 



010 

D 



on 

E 



100 

H 



101 

L 



no 

M (Memory) 


r , r I, r 2 

One of the registers A,B,C,D,E,H,L 


d 8 

8 -bit data quantity 


dl 6 

16-bit data quantity 


addr 8 

8 -bit address of an I/O device 


addr 

16 -bit address quantity 


RP 

The bit pattern designating one of the 

register 


pairs B,D,H,SP: 





REGISTER PAIR 



RP rp 

(rpH)(rpL) 



00 B 

B-C 



01 D 

D-E 



10 H 

H-L 



11 SP 

SP 


B 2 

The second byte 0 : 

f the instruction 


B 3 

The third byte of 

the instruction 


0 

Af fected 



S 

Set 



R 

Reset 



_ 

Not affected 
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Data Transfer 


Mneraonic 

Instruction Code 

Operation 

Bytes 

States 

Flag 

D? Db Ds D^ D 3 D 2 Di Do 

C Z S P AC 

MOV rl, r2 

0 1 d d d S S S 

(rl) - (r 2 ) 

1 

4 


MOV M, r 

0 1 1 1 0 s s s 

[(H)(L)] - (r) 

1 

7 


MOV r, M 

0 1 d d d 1 1 0 

(r) ^ ((H)(L)] 

1 

7 


MVI r, d 8 

0 0 d d d 1 1 0 

B2 

(r) ^ (B 2 ) 

2 

7 


MVI M, d 8 

0 0 110 110 

B 2 

[(H)(L)1 - (B 2 ) 

2 

10 


LDA addr 

0 0 1110 10 

B 2 

B 3 

(A) 1(B3)(B2)1 

3 

13 


LDAX B 

0 0 0 0 1 0 1 0 

(A) [(B)(C)1 

1 

7 


LDAX D 

0 0 0 1 1 0 1 0 

(A) - ((D)(E)) 

1 

7 


LHLD addr 

00101010 

B2 

B3 

(L) - 1(B3)(B2)1 

(H) ^ |(B3)(B2)+1] 

3 

16 


LXI H, dl6 

0 0 1 0 0 0 0 1 

B3 

(H) (B3) 

(L) (B 2 ) 

3 

10 


LXI D, dl6 

00010001 

B2 

B3 

(D) ^ (B3) 

(E) -H (B 2 ) 

3 

10 


LXI B, dl6 1 

00000001 

B 2 

B 3 

(B) - (B 3 ) 

(C) - (B 2 ) 

3 

10 


LXI SP, die 

0 0 1 1 0 0 0 1 

B2 

B3 

(sp)h (B3) 

(SP)l " (B2) 

3 

10 


SHLD addr 

0 0 1 0 0 0 1 0 

B2 

B 3 

((B3)(B2)) (L) 

1 (B3)(B2)+11 (H) 

3 

16 


STA addr 

00110010 

B2 

B 3 

[(B3)(B2)) (A) 

3 

13 
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STAX B 
STAX D 
SPHL 
XCHG 


OUT addrS 



Ins true tion 

Cod e 


D 7 

De 

Ds 

Du 

D. 

D 2 

Di 

Do 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

0 

1 

1 

0 

1 

1 




B2 





1 

1 

0 

1 

0~' 

0 

T 

1 




B2 






Operation 


(L) (E) 

(L) [(SP)1 

(H) [(SP)+1] 


Bytes States 


I Flag 
C Z S P AC 



1 16 !- 


Mnemonic 

.IMP addr 


Instruction Code 
D 7 De D 5 Di^ D 3 D 2 Di Dq 


Operation 


11000011 (PC) ^ (B3)(B2) 
B2 

11000010 IfZ = 0 


1 0 0 1 0 

B2 

B3 

If Z = 0 

(PC) ^ (B3)(B2), 

If Z = 1 

(PC) ^ (PC) + 3 

110 10 

If Z = 1 

B2 

(PC) ^ (B3)(B2), 

B3 

If Z = 0 


(PC) ^ (PC) + 3 

.0010 

If C = 0 

B2 

(PC) (B3)(B2), 

Bi i 

If C = 1 


(PC) ^ (PC) + 3 

10 10 

If C = 1 

B 2 

(PC) ^ (B3)(B2), 

B3 

If C = 0 


(PC) ^ (PC) + 3 


Bytes States 
3 10 

3 7/10 

3 7/10 

3 7/10 

3 7/10 


Flag 

C Z S P AC 
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Mnemonic 

Instruction Code 

Operation 

Bytes 


Flag 

D, De Dj D^ D 3 D 2 D, 


C Z S P AC 

JPO addr 

1 1 1 0 0 0 1 0 

B 2 

B 3 

If p =0 

(PC) ( 83 X 82 ), 

If p = 1 

(PC) •- (PC) + 3 

3 

7/10 


JPE addr 

11101010 

B 2 

B 3 

If P = 1 

(PC) ^ ( 83 )(B 2 ), 

If P =0 

(PC) ^ (PC) + 3 

3 

7/10 


JP addr 

11110 0 10 

B 2 

B 3 

If S = 0 

(PC) ^ (B3)(B2), 

If S = 1 

(PC) ^ (PC) + 3 

3 

7/10 


JM addr 

11111010 

Bz 

B 3 

If S = 1 

(PC) - (B3)(B2), 

If S = 0 

(PC) ^ (PC) +3 

3 

7/10 


CALL addr 

110 0 110 1 

Bz 

B3 

[(SP)-l] ■>- (PCH) 

[(SP)-2) (PCD 

(SP) (SP) - 2 

(PC) (83)(82) 

3 

18 


CNZ addr 

11000100 

Bz 

B 3 

If Z = 0, 
the actions 
specified in the 
CALL instruction 
are performed. 

If Z = 1 

(PC) ^ (PC) + 3 

3 

9/18 


CZ addr 

11001100 

^2 

83 

If Z = 1, 
the actions 
specified in the 
CALL Instruction 
are performed. 

If Z =0, 

(PC) ^ (PC) +3 

3 

9/18 
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Operation 

Bytes 

States 

Flag 

C Z S P AC 

If C = 0, 
the actions 
specified in the 
CALL instruction 
are performed. 

If C = 1 

(PC) ^ (PC) -f 3 

3 

9/18 


If C =1, 
the actions 
specified in the 
CALL instruction 
are performed. 

If C =0 

(PC) ^ (PC) + 3 

3 

9/18 


If P =0. 
the actions 
specified in the 
CALL instruction 
are performed. 

If P = 1 

(PC) ^ (PC) + 3 

3 

9/18 


If P =I, 
the actions 
specified in the 
CALL instruction 
are performed. 

If P = 0 

(PC) ^ (PC) + 3 

3 

9/18 


If S = 0, 
the actions 
specified in the 
CALL Instruction 
are performed. 

If S = 1 

(PC) ^ (PC) +3 

3 

9/18 
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D7 De D5 D14 D3 D2 Dj Do 


Operation 


By tes S t jCet 


C Z S P AC 


11111 


0 0 1 0 0 1 


1 0 0 0 0 0 0 


If S = 1 , 
the actions 
specified in the 
CALL instruction 
are performed. 

If S = 0 

(PC) (PC) + 3 
(PCL) - T(SP)T 

(PCH) - [(SP)+1] 
(SP) ^ (SP) +2 

If Z = 0, 
the actions 
specified in the 
RET instruction 
are performed. 


10 10 


(PC) ^ (PC) + 1 

If Z = 1 , 
the actions 
specified in the 
RET instruction 
^are performed. 


(PC) ^ (PC) +1 

If C = 0, 
the actions 
specified in the 
RET instruction 
are performed. 


(PC) 4- 1 
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instruction Code | 

07 De Ds D 3 D 2 Di Dq | 


0 110 0 


1 0 0 0 0 0 


Operation 


If C =1, 
the actions 
specified in the 
RET instruction 
are performed. 

If C = 0 

(PC) ^ (PC) + 1 


i Bytes States 


C Z S P AC 


10 10 0 0 


0 0 0 



If P = 0, 
the actions 
specified in the 
RET instruction 
are performed. 


(PC) ^ (PC) +1 

If P =1, 
the actions 
specified in the 
RET instruction 
are performed. 


(PC) ^ (PC) +1 

If S = 0, 
the actions 
specified in the 
RET instruction 
are performed. 


(PC) ^ (PC) + 1 

If S =1, 
the actions 
specified in the 
RET instruction 
a re pe r formed. 


(PC) -I- 1 
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Mnemonic 

Instruction Code 

Operation 

Bytes States 

Flag 

D? De Ds D^ D 3 D 2 Di Do 

C Z S P AC 

PCHL 

11101001 

(PCH) (H) 

(PCD ^ (L) 

1 6 


RST 

llAAAlll 

((SP)-l] ^ (PCH) 

((SP)-2] ■*- (PCD 

(SP) ^ (SP) - 2 

(PC) -f- (00000000 
OOAAAOOO) 

1 12 



Arithmetic 


Mnemonic 



Instruction 

Code 

Operation 

Bytes 

States 

Flag 1 

D7 

Ds 

Ds 

Dh 

D 3 

D 2 

Di 

Do 

C 

z 

s 

P 

AC 

ADD 

r 

1 

0 

0 

0 

0 

s 

S 

s 

(A) - (A) + (r) 

1 

4 

0 

0 

0 

0 

0 

ADC 

r 

1 

0 

0 

0 

1 

s 

S 

s 

(A) ^ (A) + (r) + (C) 

1 

4 

0 

0 

0 

0 

0 

ADD 

M 

1 

0 

0 

0 

0 

1 

1 

0 

(A) - (A)+[(H)(L)] 

1 

7 


0 

0 

0 

0 

ADC 

M 

1 

0 

0 

0 

1 

1 

1 

0 

(a)^(a)+((hxl)1+(c) 

1 

7 

0 

0 

0 

0 

0 

ADI 

d8 

1 

1 

0 

0 

0 

1 

1 

0 

(A) (A) + (Bz) 

2 

7 

0 

0 

0 

0 

0 






B 2 












AC I 

d8 

1 

1 

0 

0 

1 

1 

1 

0 

(A) ^ (A)+(B2)+(C) 

2 

7 

0 

0 

0 

0 

0 






B2 












DAD 

rp 

0 

0 

R 

P 

1 

0 

0 

1 

(H)(D ^ (H)(D 

1 

10 

0 

- 

- 

- 

- 











+ (rH)(rD 








SUB 

r 

1 

0 

0 

1 

0 

s 

s 

s 

(A) - (A) - (r) 

1 

4 

"o' 

0 

0 


0 

SBB 

r 

1 

0 

0 

1 

1 

s 

s 

s 

(A) ^ (A) - (r) - (C) 

1 

4 

0 

0 

0 

0 

0 

SUB 

M 

1 

0 

0 

1 

0 

1 

1 

0 

(A) - (A)-[(H)(D] 

1 

7 

0 

0 

0 

0 

0 

SBB 

M 

1 

0 

0 

1 

1 

1 

1 

0 

(A)^(A)-[(HXL)]-(C) 

1 

7 

0 

0 

0 

0 

0 

SUI 

d8 

1 

1 

0 

1 

0 

1 

1 

0 

(A) (A) - (Bz) 

2 

7 

0 

0 

0 

0 

0 






B2 












SBI 

d8 

1 

1 

0 

1 

1 

1 

1 

0 

(A) ^ (A) > (B 2 ) - (C) 

2 

7 

0 

0 

0 

0 

0 






B2 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP6085AP/TMP808SAP-2 


Instruction Code 
D? Dfe Ds Dh D3 D2 Di Do 


Operation 


00100111 The 8-bit number 

in the accumulator 
is adjusted to 
form two A-bit BCD 
digits by the 
following process. 


A 0 0 0 0 0 


Accumulator 


I-1-1 

[AC]^ 

1. If Y^IO or 
AC=1, 

(A)^ (A) +6 

2. If X>10 or 

C=l, 

(A) ^-7 '^(A) 4-7 +6 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8085AP/TMP8085AP-2 


Logical Instruction 


Mnemonic 


Instruction 

Code 


Operation 

Bytes 

States 

fiSi 1 

D 7 

De 

Ds 

D4 Da 

D 2 

Di 

Do 

C Z 

S P 

AC 

ANA r 

1 

0 

1 

0 0 

s 

s 

S 

(A) ^ (A) A (r) 

1 

4 

R 0 

0 0 

s 

ANA M 


0 

1 

0 0 

1 

1 

0 

(A) (A) A f(H)(L)) 

1 

7 

R 0 

0 0 

s 

ANI d8 

1 

1 

1 

0 0 

B2 

1 

1 

0 

(A) ^ (A)A (B 2 ) 

2 

7 

R 0 

0 0 

s 

XRA r 

1 

0 

1 

0 1 

s 

s 

s 

(A) ^ (A)Y (r) 

1 

4 

R 0 

0 0 

R 

XRA M 

1 

0 

1 

0 1 

1 

1 

0 

(A) - (A) Yl(H)(L)) 

1 

7 

R 0 

0 0 

R 

XRI d8 

1 

1 

1 

0 1 

B2 

1 

1 

0 

(A) *- (A)T(B2) 

2 

7 

R 0 

0 0 

R 

ORA r 

1 

0 

1 

1 0 

s 

s 

s 

(A) (A)V (r) 

1 

4 

R 0 

0 0 

R 

ORA M 

1 

0 

1 

1 0 

1 

1 


(A)^ (A)V [(H)(L)] 

1 

7 

R 0 

0 0 

R 

ORI d8 

1 

1 

1 

1 0 

B 2 

1 

1 

0 

(A) (A) V(B2) 

2 

7 

R 0 

0 0 

R 

CMP r 

1 

0 

1 

1 1 

s 

s 

s 

(A) - (r) 

1 

4 

0 0 

0 0 

0 

CMP M 

1 

0 

1 

1 1 

1 

1 

0 

(A) - [(H)(L)] 

1 

7 

0 0 

0 0 

0 

CPI d8 

1 

1 

1 

1 1 

B 2 

1 

1 

0 

(A) - (B 2 ) 

2 

7 

0 0 

0 0 

0 

CMA 

0 

0 

1 

0 1 

1 

1 

1 

(A) ^ (A) 

1 

4 


RLC 

0 

0 

0 

0 0 

1 

1 

1 

(An+i) ^ (An) 

(Ao) ^ (A?) 

(C) ^ (A 7 ) 

1 

4 

0 - 



RRC 

0 

0 

0 

0 1 

1 

1 

1 

(An) (An+i) 

(A 7 ) ^ (Ao) 

(C) ^ (Ao) 

1 

4 

0 - 



RAL 

0 

0 

0 

1 0 

1 

1 

1 

(An+i) (An) 

(C) ^ (A 7 ) 

(Ao) ^ (C) 

1 

4 

0 - 



RAR 

0 

0 

0 

1 1 

1 

1 

1 

(An) ^ (An+i) 

(C) (Ao) 

(A 7 ) ^ (C) 

1 

4 

0 - 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8085AP/TMP8085AP-2 


Increment and Decrement 


Mnemonic 


Instruction 

Code 


Operation 

Bytes 

States 

Flag 

D 7 

D6 

Ds 

D 4 

D 3 

D2 

Di 

Do 

c 

z 

S P AC 

[NR r 

0 

0 

d 

d 

d 

1 

0 

0 

(r) ^ (r) +1 

1 

4 

- 

0 

0 0 0 

INR M 

0 

0 

1 

1 

0 

1 

0 

0 

[(H)(L)]-l(H)(L)]+l 

1 

10 

- 

0 

0 0 0 

INX rp 

0 

0 

R 

P 

0 

0 

1 

1 

(rH)(rL)->(rH)(rL)+l 

1 

6 


DCR r 

0 

0 

d 

d 

d 

1 

0 

1 

(r) - (r) -1 

1 

4 

- 

0 

0 0 0 

DCR M i 

0 

0 

1 

1 

0 

I 

0 

1 

((H)(L)]M(H)(L)]-1 

1 i 

10 

- 

0 

0 0 0 

DCX rp 

0 

0 

R 

P 

1 

0 

1 

I 

(rH)(rL)< (rH)(rL)-l 

-1 

1 j 

6 



Stack 


Mnemonic 

Instruction Code 

Operation 

Bytes 


Flag 

D? De Ds D^ D3 D2 Di Do 


C Z S P AC 

PUSH rp 

IIRPOIOI 

l(SP)-ll ^ (rH) 

[(SP)-2] - (rL) 

(SP) -> (SP) - 2 

Note: Register 
pair rp=SP may not 
be specified. 

— 

1 

12 


PUSH PSW 

1 1 1 1 0 1 0. 1 

l(SP)-l] - (A) 

l(SP)-21 ^ 

D7D6D sDsD 3D2D1D0 

1 

12 


SZXACXPXC 

MSB 

(SP) ^ (SP) - 2 

POP rp 

IIRPOOOI 

(rU " [(SP)] 

(rH) ^ [(SP)+1] 

(SP) ^ (SP)+2 

1 

10 


POP PSW 

11110001 

(C) ^ ((SP)lo 

(P) ^ l(SP)l2 

(AC) ^ ((SP) 1 , 

(Z) [(SP)]6 

(S) ^ l(SP)l 7 

(A) [(SP)+1] 

(SP) (SP) + 2 

1 

10 

0 0 0 0 0 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP8085AP/TMP8085AP-2 


Instruction Code _ 

D? De Ds D 4 D 3 D 2 Di Do 

0 1 . 110110 


0 0 11 


0 0 0 0 0 


0 0 1 


0 0 0 


Operation 


Bytes Statesj- 


Flag 
S P AC 


Enable interrupts 

Note: Interrupts 

are not recognized 
during the El in¬ 
struction . 

Disable interrupts 

Note; Interrupts 
are not recognized 
during the DI in¬ 
struction . 

No operation is 
performed. 

d 7 - SID 
de = 17 



d3 = IE 
d2 = M7 
di = M6 











TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8085AP/TMP808SAP-2 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Item 

Ratings 

Uni ts 

^CC 

Vcc Supply Voltage 

-0.5-W.0 

V 


Input Voltage With Respect to V^^ 

-0.5--^7.0 

V 

Vn.jt 

Output Voltage With Respect to V^^ i 

-0.5-W.0 

V 

^0 - 

Power Dissipation 

1.5 

w 


Soldering Temperature (Soldering Tine 10 sec.) j 

260(10sec) 

•C 

O V t f 

tn 

Soldering Temperature 

-55-150 

•c 

-- 

Operating Temperature 

0-70 

“C 


DC CHARACTERISTICS 

TA-Ot; to 701C, Vcc=5V±5X 


Symbol 

Parameter 

Test Conditions 

Hin. 

Max. 

Uni ts 

''iL 

Input Low Voltage 


-0.5 

0/8 

V 


Input High Voltage 


2.0 

VCCtO.5 

V 

''OL 

Output Low Voltage 

I0L=2mA 

2 


mA 

^OH 

Output High VoJtage 

I0H=-400uA 


-0.4 

sA 

^CC 

Power Supply Current 



170 

nA 

^IL 

Input Leakage 

O^VIN ^VCC 


±10 

UA 

ko 

Output Leakage 

0.45 ^VOUTSVCC 


±10 

uA 

LR 

Input Low Level (RESET) 


-0.5 

0.8 

V 

^IHR 

Input High Level (RESET) 


2.4 

VCC^O.5 

V 

— 

Hysteresis (RESET) 


0.25 


V 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP8085AP/TMP8085AP-2 


AC CHARACTERISTICS 


TA'Ot; to 70-C, VCC-5V15X, Vss=0V, Unless Otherwise Noted. 


Syrabol 

Parameter 

THP8085AP 

THP8085AP-2 

Units 



Hin. 

Max. 

Min. 

Max. 



CLK Cycle Period 

320 

2000 

200 

2000 

ns 


CLK Low Time - Standard 150pF Loading 

80 


40 


ns 

- Lightly Loaded[2] 

100 


50 


ns 

'h 

CLK High Time - Standard 150pF Loding 

120 


70 



- Lightly Loaded[2] 

150 


80 



^ tf 

CLK Rise and Fal1 Time 

30 


30 


ns 

'XKR 

XI Rising to CLK Rising 

30 

120 

30 

100 

ns 

^XKF 

X1 Rising to CLK Fal Iing 

30 

150 

30 

110 

ns 


A8-15 Valid to Leading Edge of Controlfl] 

270 


115 


ns 


AO-7 Valid to Leading of Control 

240 


115 


ns 

^An 

AO-15 Valid to Valid Data In 


575 


350 

ns 

‘afr 

Address Float after Leading Edge of READ 


0 


0 


(INT) 






'ai 

A8-15 Valid before Trailing Edge of ALE[1] 

115 


50 


ns 

^11 

AO-7 Valid before Trailing Edge of ALE 

90 


50 


ns 

*^arv 

READY Valid from Address Valid 


220 


TOO 

ns 

^nA 

Address (A8-15) Valid after Control 

120 


60 


ns 

^cc 

Width of control Low(RD,WR,INTA) 

Edge of ALE 

400 


230 


ns 

^CL 

Trailing Edge of Control to Leading Edge 

of ALE 

50 


25 


ns 

^nu 

Data Valid to trailing Edge of WRITE 

420 


230 


ns 

^HARF 

HLDA to Bus Enable 


210 


150 

ns 

^HARF 

Bus Float after HLDA 


210 


150 

ns 

^HACK 

HLDA Valid to Trailing Edge of CLK 

110 


40 


ns 

^^nH 

HOLD Hold Iime 

0 


0 



^Hns 

HOLD Setup Time to Trailing Edge of CLK 

170 


120 


ns 

. J lMlL, 

INTR Hold Tine 

0 


0 


ns 


— 320 — 









TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8085AP/TMP8085AP-2 



Parameter 

THP8085AP 

THP8085AP-2 

Units 

Hin. 

Max. 

Hin. 

Max 

— 

INTR.RST and TRAP Setup Time to Failing 

160 


ISO 


ns 


Edge of CLK 

Address Hold Time after ALE 

100 


50 




Trailing Edge of ALE to Leading Edge 

of Control 

130 


60 


ns 

nK 

ALE tow during CLK High 

100 


50 


ns 

HR 

ALE to Valid Data during Read 


460 


270 


nw 

ALE to Valid Data during Write 

200 

120 



■■ 


ALE Width 

140 


80 


ns 

RY 

AIE to READY Stable 


110 


30 

ns 

'rae 

Trailing Edge of READ to Re-Enabling of 

Address 

150 


90 


ns 


READ (or INTA)to Valid Data 


300 

] 

150 

ns 

'rv 

Control Trailing Edge to Leading Edge of 

Next Control 

400 


220 


ns 

[[PHI 

Data Hold Time After READ INTA 

0 


0 


ns 

WWB 

READY Hold Time 

0 

1 

0 


ns 

^RYS 

READY Setup Time to Leading Edge of CLK 

110 


100 


ns 

^Wf) 

Data Valid After Trailing Edge of HRTTE 

100 


60 




LEADING Edge of WRITE to Data Valid 

I_ 


40 


20 

im 


Test conditions. CL=150p 
THP8085AP ; tcYc=320nis 
THP8085AP-2 : tcyc=200ois 


Notes; 1. A8-15 address specs apply to lO/H, SO and SI except A8-15 

are undifined duringT4 - T6 of OF Cycle whereas lO/H, SO, and 
SI are stable. 

2. Loading equivalent to 50 pF + 1 TTL input. 

3. All tilings are ceasured at output voltage 
VL = 0 8 V. VH = 2 0V> 

4 lo calculate tiroing specifications at other value of t^y^ 
use Table 4. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8085AP/TMP8085AP-2 


TABLE 4. BUS TIMING SPECIFICATION AS A T^yc DEPENDENT 


’ 

tAL 

(1/2) 1-45 

MIN 

^LA 

(1/2) T - 60 

MIN 

tLL 

(1/2) T - 20 

MIN 

tLCK 

(1/2) T - 60 

MIN 

‘^LC 

(1/2) T - 30 

MIN 

tAD 

(5/2 + N) T- 225 

MAX 

tRD 

(3/2+ N) T- 180 

MAX 

tRAE 

(1/2) T - 10 

MIN 

tCA 

(1/2) T-40 

MIN 

tDW 

(3/2 + N) T - 60 

MIN 

tWD 

(1/2) T- 60 

MIN 

tcc 

(3/2 +N) T - 80 

MIN 

tCL 

(1/2) T - 110 

MIN 

^ARY 

(3/2) T- 260 

MAX 

tHACK 

(1/2) T - 50 

MIN 

tHABF 

(1/2) T + 50 

MAX 

tHABE 

(1/2) T+50 

MAX 

tAC 

(2/2) T - 50 

■MIN 

tL 

(1/2) T - 80 

MIN 

tH 

(1/2) T - ^0 

MIN 

tRV 

(3/2) T- 80 

MIN 

tLDR 

(4/2) T - 180 

MAX 


Note: N is equal to the total WAIT states. 

T = tCYC 
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Ai5 

SqSi IO/M 


ADq % AD 7 


RD, INTA 


FIGURE 4. CLOCK TIMING WAVEFORM 


ADDRESS, STATUS 
tAD 




FIGURE 5. READ OPERATION 

I T2 1 T3 


As Ai5 
SqSi IO/H 

ADq ADy 


ADDRESS, STATUS 


ADDRESS 
. tLDW 


DATA OUT 


FIGURE 6. WRITE OPERATION 






TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPi0t5«>/TMPN85AP-2 


SqSi io/m- 


ADq % ADy 


RD/INTA ■ 


> 


ADDRESS, ST. 

-- 

\TUS 




tAD 






X 

AE 

DRESS 
_; 


V f' 2^ 

tL 

TT 

—s 

tLA 


tLDR 

T 

\ 


L ^AFR 



t^AL 

tLC 

tAC 


)) 

tRD 


__ 



tcc 




s” 

■ r 




^LRY 

^ARY 

“^tRYS 

>) 

tOYH 


tRDH 


FIGURE 7. READ OPERATION WITH WAIT CYCLE (TYPICAL) 

- SAME READY TIMING APPLIES TO WRITE OPERATION 

I I '^2 1 T 3 I T^'l-ThoLDi ThOLD i ThOLD I T 


_O P PRE SS _ 

ADo ^7 y address) -- ^CALLINS 

INTA __ 


tHACK -H-H—tHABF 


- -*//--- 

BUS FLOATING 


FIGURE 8. INTERRUPT AND HOLD TIMING 








TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP8085AP/TMP8085AP-2 


OUTLINE DRAWING 


40 39 38 37 36 3 5 34 33 32 31 30 29 28 27 26 25 24 23 22 21 



1 2 3 4 D 6 7 8 9 10 il 12 i3 14 15 16 i7 lb 19 20 


Unit in mm 



(Note 1 ) 
15 24±0 1 





_ 


11 


, 0 25±0 1 
1500—1780 



025TYP. 
05±0 1 


Note: 1. This dimension is measured at the center of bending point of leads 

2. Each lead pitch is 2.54mm, and all the leads are located within 
±0.25mm from their theoritical positions with respect to No.l and 
No.AO leads. 







TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8085AP/TMP8085AP-2 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8085HP/TMP8085AHP-2 


TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 
N-CHANNEL SILICON GATE MOS 

8 -BIT SINGLE CHIP MICROPROCESSOR 

GENERAL DESCRIPTION 

The TMP8085AHP/AHP-2, from here on referred to as the TMP8085A, is world 
standard, complete 8 bit parallel central processing unit (CPU). Its high 
level of-system integration allows a minimum system of there IC's : TMP8085A 
(CPU), TMP8155P/TMP8156P (RAM/IO) and TMP8355P (ROM/IO). The TMP8085A uses a 
multiplexed data bus. The address is plit between the 8 bit address bus and 
the 8 bit data bus. The on-chip address latches of TMP8155P/TMP8156P/TMP8355P 
memory products allow a direct interface with TMP8085A. 

FEATURES 


. 0.8uSec Instruction Cycle (TMP8085AHP-2 : CLK Cycle Period {a200nSec) 

. Single +5V Power Supply (5VjflO%) 

. On-Chip Clock Generator (with External Crystal or RC Network) 

. On-Chip System Controller; Advanced Cycle status information available for 

Large System Control 

. 4 Vectored Interrupts (One is Non-Maskable) 

. Decimal, Binary and Double Precision Arithmetic 
. Serial In/Serial Out Port 

. Direct Addressing Capability to 64K Bytes of Memory 
. Low Power Consumption (Icc max = 135mA) 


RESET OUTC 
sodC 
SIDC 
TRAPC 
RST7j 5C 
RST6.5C 
RST5.5C 
INTR t: 
INTAC 
ADn^ 


PIN CONNECTION 
(TOP VIEW) 

Vcc 

□ HOLD 

□ HLDA 
3 CLK(OUT) 


BLOCK DIAGRAM 


AD2C 

AD 5 C 

AD^C 

AD^C 

ADel 

AD^ 

^ssH 


1 

2 

3 
A 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 


40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 


□ RESET 
3 READY 

□ lO/M 

3 RD 
=3 WR 

□ ALE 

□ So 

□ Ai5 

□ A 114 


IN 


3A 

□ A 

□ A 
3A 
3Ag 
3 A, 


1 3 
12 
1 1 
10 


FIGURE 2. ThP8085A PINOUT 
DIAGRAM 


INTR 

RST5.5.6.5,7.5 

TRAP 


ACCUMULATOR 

1 


Lj . 15 _ 

LATCH 

1 

r 1 

■aW 

r INTERRUPT CONTROL 1 




ARITHMETIC V“ 
LOGIC UNIT 


(ALU) 


(accukitiatorI 


7 


I flag-regI —* 


INTERRUPT MASK 
SERIAL I/O 
CONTROL 


t SOD 
SID 


TEMP-REG. 

TEMP-REG. .. 

B - REG. 

C - REG. 

D - REG. 

E - REG. .. 

H - REG. 

L - REG. 

STACK POINTER ^SPl 

PROGRAM COUNTER (PC) 

INCREMENTER A>ECREMENTER_ 
ADDRESS LATCH 


INSTRUCTION 

REGISTOR 


INSTRUCTION 
DECODER & 
MACHINE CYCLE 
ENCODING_ 


V-RESET OU'J 


il6 


data/ADDRESS 

L 

ADDRESS . 

lUTFER .. 

r 

BUFFER 


IB 

DATA/ADDRESS BUS ADDRESS BUS 
ADn-7' Aft-. IS 


iTIMING AND CONTROL 

IWIWT 

CLK X 2 RD So ALE HOLD 

xi m Si hlda 

TWA lO/M READY 
FIGURE 2. TMP8085A 
PINOUT DIAGRAM 


MIESET IN 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8085HP/TMP8085AHP-2 


DRIVING THE XI and X2 INPUTS 

You may drive the clock inputs of the TMP8085A with a crystal, an LC 
turned circuit, an RC network or an external clock source. The driving 
frequency must be at least 1 MHz, and must be twice the desired internal clock 
frequency. 

A. Quartz Crystal Clock Driver 

If a .crystal used, it must have the following characteristics. 

. Parallel resonance at twice the clock frequency desired. 

. Cg (shunt capacitance) < 7 PF 
. Rg (equivalent shunt resistance) £ 75 ohms 


Cl 


FTTm f 


XI 


X2 


C2 


TMP8085AP 


Note a value of the external capacitance Cl and C2 between XI , X2 and 
ground. 

We recommended the following. 


IMHz 

< 

f 

< 

4MHz: 

C^=20pF, 

C 2 = 20 pF 

4MHz 

< 

f 

< 

8 MHz: 

o 

ii 

o 

C^=10pF 

8 MHz 

< 

f 

< 

lOMHz: 


=0 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8085HP/TMP8085AHP-2 


B LC Turned Circuit Clock Driver 

A parallel-resonant LC circuit may be used as the frequency-determining 
network for the TMP8085A, providing that its frequency tolerance of 
aproximately 10% is acceptable. The components are chosen from the 
f ormu la. 


f = 


2-n y L (C 


ext 


+ C. ) 
int 


The use of an LC circuit is not recommended for frequencies higher than 
approximately 5 MHz. 



-1 TMP8085A 

XI 1 

Cint 

X2 J =15 pF 

» — 

> — 

:> 

1 1 

“ Cext 





C. RC Circuit Clock Driver 

An RC circuit may be used as the frequency - determining network for the 
TMP8085A if maintaining a precise clock frequency is of no importance. 
Variations in the on-chip timing generation can cause a wide variation in 
frequency when using RC circuit. The driving frequency generated by the 
circuit shown is approximately 3 MHz. It is not recommended that 
frequencies greatly higher or lower than this be attempted. 



f = 3 MHz 


- 329 - 





TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8085HP/TMP8085AHP-2 


D, External Clock Driver Circuit 



POWER ON AND RESET IN 

The TMP8085A is not guarantee d to work until 10 ms after VCC reaches 
4.50V. It is suggested that RESET IN be kept low during this period. 
Note that the 10 ms period does not include the time it takes for the 
power supply to reach its 4.50V level. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8085HP/TMP8085AHP-2 


ABSOLUTE MAXIMUM RATINGS 


I Symbol 

I tern I 

Ratings 

1 Units 1 

I VCC 

VCC Supply voltage I 

-0.5 to +7.0 

1 V 1 

I VIN 

Input Voltage with Respect to VSS | 

-0.5 to +7.0 

1 V . 1 

I Vout 

Output Voltage with Respect to VSS | 

-0.5 to +7.0 

1 V 1 

I PD I 

I Power Dissipation | 

1.5 

I w 1 

I Tsolder 

I Soldering Temperature I 

260 (10 sec) 

1 c 1 

I Tstg 


--65 Fo“l"5’0 

1 c 1 

I Topr 


0 to 70 

1 c 1 


DC CHARACTERISTICS 

TA=0°C to 70®c, VCC=5V+10% 



Symbol 

1 

Parameter 1 

Test Conditions 

1 Min. 

Max. 

lUnits 1 


VIL 

1 

Input Low Voltage | 


1 -0.5 

0/8 

1 V 1 


VIH 

1 

Input High Voltage | 


1 2.0 

VCC+0 

.51 V 1 


VOL 

1 

Output Low Voltage I 

IOL=2iiiA 


0.A5 

1 V 1 


VOH 

1 

Output High Voltage I 

IOH=-A00uA 

1 2.4 

1 V 1 


ICC 

1 

Power Supply Current | 



135 

1 mA 1 


IIL 

T 

1 

Input Leakage 1 

1 

0 i VIN < VCC 


+ 10 

1 uA 1 
1 1 


ILO 

T 

1 

Output Leakage i 

1 

0.45 < VOUT < VCC 

s s: 


+ 10 

i uA 1 

1 1 


VILR 

T 

Input Low Level (RESET)| 


1 -0.5 

0.8 

1 V 1 


VIHR 

1 

Input High Level(RESET)1 


1 2.4 

VCC+0 

.51 V 1 


VHY 

1 

Hysteresis (RESET) j 


1 0.25 

1 V 1 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8085HP/TMP8085AHP-2 


AC CHARACTERISTICS 

TA=O^C to 70°C, Vcc=5VjflO%, Vss=0V, unless otherwise noted. 


Symbol 

1 Parameter 

TMP8085AHP|TMP8085AHP-2{„ 


Min. 

{Max. I 

Min. 1 

Max. 1 



1 tCYC 

ICLX Cycle Period 

320 

120001 

200 { 

2000 { 

ns 


1 tL 

iCLK Low Time - Standard 150pF Loading 

80 

1 

1 

40 { 

1 

ns 



1 - Lightly Loaded [2] 

100 

1 

1 

50 1 

1 

ns 


1 tH 

1CLK High Time- Standard 150pF Loading 

120 

1 

1 

70 { 

1 

ns 



1 - Lightly Loaded [2] 

150 

1 

1 

80 1 

1 

ns 


1 tr,tf 

1CLK Rise and Fall Time 


1 

BEBl 


30 { 

ns 


1 tXKR 

|X1 Rising to CLK Rising 

30 

1 

120 ! 

30 1 

100 { 

ns 


1 tXKF 

|X1 Rising to CLK Falling 

30 

1 

1501 

30 { 

110 { 

ns 


1 tAC 

|A8-15 Valid to Leading Edge of Control 

1 [1] 

270 

T 

1 

r 

1 

115 { 

r 

1 

ns 


i tACL 

|A0“7 Valid to Leading of Control 

240 

1 

1 

115 1 

1 

ns 


1 tAD 

|A0-15 Valid to Valid Data In 


1 

5751 


350 { 

ns 


1 tAFR 

1 Address Float after Leading Edge of 
IREAD (INT) 


1 

1 

0 | 

1 


o| 

1 

ns 


1 tAL 

IaS-IS Valid before Trailing Edge of 
|ALE[1] 

115 

1 

1 

1 

1 

m 

I 

1 

ns 


1 tALL 

jAO-7 Valid before Trailing Edge of ALE 

90 

1 

1 

50 1 

I 

ns 


1 tARY 

1 READY Valid from Address Valid 


1 

220 { 


100 { 

ns 


1 tCA 

{Address (A8-15) Valid after Control 

120 

1 

1 

60 1 

1 

ns 


1 tcc 

1 Width of Control Low (RD,WR,IKTA) 
lEdge of ALE 

400 

1 

1 

1 

1 

230 1 

1 

1 

ns 


! tCL 

{Trailing Edge of Control to Leading 
{Edge of ALE 

50 

1 

1 

1 

1 

25 { 

1 

1 

ns 


1 tDW 

{Data Valid to Trailing Edge of WRITE 

420 

1 

1 

230 1 

1 

ns 


1tHABF 

1HLDA to Bus Enable 


1 

210 { 


1501 

ns 


1tHABF 

{Bus Float after HLDA 


1 

210 { 


1501 

ns 


1tHACK 

IHLDA Valid to Trailing Edge of CLK 

110 

T 

1 

40 { 

1 

ns 


1 tHDH 

{HOLD Hold Time 

0 

T 

1 

0 1 

i 

ns 


1 tHDS 

{hold Setup Time to Trailing Edge of 
{ CLK 

170 

1 

1 

1 

1 

120 { 

1 

1 

ns 


ItlNH 

{INTR Hold Time 

0 

1 

1 

0 { 

1 

ns 


1 tINS 

{INTR, RST and TRAP Setup Time to 

1 Falling 

160 

T 

1 

1 

1 

150 1 

1 

1 

ns 



{Edge of CLK 


T 

1 


1 



ItLA 

{Address Hold Time after ALE 

100 

1 

1 

50 1 

1 

ns 


1 tLC 

{Trailing Edge of ALE to Leading Edge 
{of Control 

130 

T 

1 

1 

i 

60 { 

1 

1 

ns 


1 tLCK 

{ale Low during CLK High 

100 

1 

1 

50 { 

1 

ns 


1 tLDR 

I ALE to Valid Data during Read 


T 

4601 


2701 

ns 


1 tLDW 



11 



120 | 

ns 


1 tLL 

{ALE Width 

140 

1 

1 

80 1 

1 

ns 


1 tLRY 

{ALE to READY Stable 


T 

iiol 


301 

ns 


1 tRAE 

{Trailing Edge of READ to Re-Enabling 
{of Address 

150 

T 

1 

1 

1 

90 1 

1 

1 

ns 


1 tRD 

{READ (or INTA) to Valid Data 


T 

3001 


150{ 

ns 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8085HP/TMP8085AHP-2 


j Symbol 

j Parameter 

1TMP8085AHP | TMP8085AHP-2 | 
1 Min. 1 Max. 1 Min, | Max. | 

Units 1 

1 tRV 

1 

i Control Trailing Edge of Leading 
lEdge of Next Control 

1 400 i 
1 

1 

220 

1 

1 i 

1 1 

ns 1 

1 1 

1 tRDH 

iData Hold Time After READ INTA 

1 0 1 


1 0 

1 

ns 1 

1 tRYH 

IrEADY Hold Time 

1 0 

i 

1 0 

1 

ns 1 

1 tEYS 

1 

1 READY Setup Time to Leading Edge of 

1 CLK 

no 


100 i 


ns 1 

ItWD 

1 

iData Valid After Trailing Edge of 
i WRITE 1 

1 100 1 

1 

1 

I 60 

1 

1 

1 1 

1 ns i 

1 tWDL 

ILEADING Edge of WRITE to Data Valid 

1 -! 

1 40 

1 

1 2 on 

ns 1 


Test conditions 


CL=150pF 


TMP8085A? : tCYC = 320ns 
TMP8085AP~2 : tCYC = 200ns 


Notes: 1. A8-15 address specs apply to lO/M, SO and SI except AS-IS are 
undifiend during T4 - T6 of Cycle whereas lO/M, SO, and SI are 
stable. 


2. Loading equivalent to 50pF + 1 TTL input. 

3. All timings are measured at output voltage 

VL=0.8V, VH=2.0V 

4. To calculate timing specifications at other value of tCYC use 
Table 4. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8085HP/TMP8085AHP-2 


Table 4. Bus Timing Specification as a TCYC Dependent 


tAL 1 

(1/2) T-45 

1 

1 MIN 

tLA 1 

(1/2) T-60 

1 MIN 

tLL 1 

(1/2) T-20 

1- MIN 

tLCK 1 

(1/2) T-60 

1 MIN 

tLC 1 

(1/2) T-30 

1 MIN 

tAD 1 

(5/2+N) T-225 

1 MAX 

tRD 1 

(3/2+N) T-180 

1 MAX 

tRAE 1 

1 

(1/2) T-10 

1 MIN 

tCA 1 

(1/2) T-40 

1 

1 MIN 

tDW 1 

(3/2+N) T-60 

1 MIN 

1 

1 

tWD 1 

(1/2) T-60 

1 MIN 

tcc 1 

1 

(3/2+N) T-80 

1 MIN i 
1 

tCL 1 

(1/2) T-110 

1 

1 MIN 

1 

tARY 1 

(3/2) T-260 

1 

1 MAX 

1 

tHACK 1 

(1/2) T-50 

1 

1 MIN 

1 

tHABF 1 

(1/2) T+50 

1 

1 MAX 

1 

tHABE 1 

(1/2) T+50 

1 

1 MAX 

1 

tAC 1 

(2/2) T-50 

1 

1 MIN 

1 

tL 1 

(1/2) T-80 

1 

1 MIN 

1 

tH 1 

(1/2) T-40 

I 

1 MIN 

1 

tRV 1 

(3/2) T-80 

1 

i MIN 

1 

tLDR 1 

(4/2) T-180 

1 

1 MAX 


Note: N is equal to the total WAIT states. 
T*tCYC 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP8155P/TMP8155P-2 

TMP8156P/TMP8156P-2 


2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 
GENERAL DESCRIPTION 

The TMP 8155P/8156P are RAM including I/O ports and counter/timer on the chip 
for using in the TLCS-85A microcomputer system. The RAM portion is designed 
with 2K bit static cells organized as 256 x 8. The lA bit programmable counter/ 
timer is the down counter. It provides either a square wave or terminal count 
pulse for the cpu system depending on timer mode. 

The I/O portion is consists of 2 programmable 8 bit I/O ports and 1 program-- 
mable 6 bit I/O port. The programmable I/O ports can be operated by BASIC 
MODE and STROBE MODE. 


FEATURES 

. Single +5V Power Supply 

. Access Time: 330 ns (TMP8155~2/TMP8156-2) 

. Internal Address Latch 

. 2 Programmable 8 Bit I/O Ports and 1 Programmable 6 Bit I/O Port. 

. 256 Ward x 8 Bits RAM 

. Programmable lA Bit Binary Counter/Tiraer 
. Multiplexed Address and Data Bus 

. Chip Enable Active High (TMP8156P) or Low (TMP8155P) 

. AO pin DIP 


PIN CONNECTION (tOP VIEW) BLOCK DIAGRAM 


TIMER 

IN 


FIGURE 2 TMP8155P/8156P FUNCTIONAL BLOCK DIAGRAM 

FIGURE 1 TMP8155P/8156P PINOUT DIAGRAM 
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integrated circuit 

TOSHIBA 

TMP8155P/TMP8155P-2 

TECHNICAL DATA 

TMP8156P/TMP8156P-2 


PIN NAMES AND PIN DESCRIPTION 
RESET (input) 

The Reset signal is a pulse provided by the TMP8085A to initialize the 
system. Input high on this line resets the chip and initializes the three 
I/O ports to input mode. The width of RESET pulse should typically be 
two 'tMP 8085A clock cycle times. 

ADg~7 (input / OUTPUT, 3-STATE) 

These are 3-state Address/Data lines that interface with the CPU lower 
8 -bit Address/Data Bus. The 8 -bit address is latched into the address 
latche on the falling edge of the ALE. The address can be applied to _the 
memory section or the I/O section depending on the polarity of the lO/M 
input signal. The 8 -bit data is either written into the chip or read 
from the chip depending on the status of WR or RD input signal. 

ce or ce“ (input) 

Chip Enable: On the TMP8155P, this pin is ^ and is ACTIVE LOW. 

On the TMP8156P, this pin is CE and is ACTIVE HIGH. 

1^ (input) 

Input low on this line with the Chip Enable active enables the ADq^^^ 
buffers. If lO/M pin is low, the RAJi content will be read out to the 
AD bus. Otherwise the content of the selected I/O port or command/ 
status register will be read to the AD bus. 

WR (input) 

Input low on this line with the Chip Enable active causes the data on the 
AD lines to be written to the RAM or I/O ports and command/status register 
depending on the polarity of lO/M. 

ALE (input) 

Address Latch Enable: This control signal latches b£th the address on the 
ADq--? lines and the state of the Chip Enable and lO/M into the chip at the 
falling edge of ALE. 

io/m (input) 

10/Memory Select: This line selects the memory if low and selects the I/O 
and command/status register if high. 

paq.^7( input/output,3-state) 

These 8 pins are general purpose I/O pins. The in/out direction is selected 
by programming the Command Register. 
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TIIIIP8155P/TMP8I55P-2 

TECHNICAL DATA 

TMP8I56P/TMP8156P-2 


pbo-Z^input/output,3-state) 

These 8 pins are general purpose I/O pins. The in/out direction is selected 
by programming the Command Register. 

pco-5(input/output^3-state) 

These 6 pins can function as either input port, output port, or as control 
signal for PA and PB. Programming is done through the Command Register. 

When PCq't.s are used as control signals, they are defined the following: 

PCq - A INTR (Port A Interrupt) 

PCi - A BF (Port A Buffer Full) 

PC 2 - A STB (Port A Strobe) 

PC 3 - B INTR (Port' B Interrupt) 

PC 4 - B BF (Port B Buffer Full) 

PC 5 - B STB (Port B Strobe) 

TIMER IN (input) 

This is the input to the counter-timer. 

TIMER OUT (output) 

This pin is the timer output. This output can be either a square wave or 
a pulse depending on the timer mode. 


Vcc (Power) 

-+■5 volt supply 

Vss (Power) 
Ground Reference 
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TMP8155P/TMP8155P-2 

TECHNICAL DATA 

TMP8156P/TMP8156^2 


FUNCTIONAL DESCRIPTION 


PROGRAMMING OF THE COMMAND REGISTER 

The command register consists of eitht latches. Four bits (0-3) define the 
mode of the ports, two bits (<ii-5) enable or disable the interrupt from port 
C when it acts as control port, and the last two bits (6-7) are for the timer. 


The command register contents can be altered at any time by using the I/O 
address XXXXOOO during a WRITE operation. The function of each bit of the 
command byte is defined in FUGURE 3. 


ADDRESS 


COMMAND 

REGISTER 


X 

X 

X 

X 

X 

0 

0 


AD7 AD6 AD5AD4 AD3 AD2 ADI ADO 

TM2 

TM;;^ 

lEB 

lEA 

PC 2 

PCi 

PB 

PA 




X = Don't care 
1 = Logic "1" 

0 = Logic "0" 


DEFINE PAo-7 
DEFINE PBQ_y 


} 


0 

1 


INPUT 

OUTPUT 


DEFINES PCq„.5 


p 00 
11 
01 
L 10 


MODE 1 
MODE 2 
MODE 3 
MODE 4 


ENABLE PORT A 
INTERRUPT 

ENABLE PORT B 
INTERRUPT 


ENABLE 

DISABLE 


p 00 = NOP - DO NOT AFFECT COUNTER 
OPERATION 


01 = STOP -NOP IF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS RUNNING 


TIMER COMMAND 


10 - STOP AFTER TC - STOP IMMEDIATELY 

AFTER PRESENT TC IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 

11 = START - LOAD MODE AND COUNT LENGTH 

AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING,START 
THE NEW MODE AND COUNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 
IS REACHED. 


FIGURE 3 COMMAND REGISTER BIT ASSIGNMENT 
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integrated circuit 

TOSHIBA 

TMP8155P/TMP8155P^2 

TECHNICAL DATA 

TMP8156P/TMP8156P-2 


READING THE STATUS REGISTER 

The status register consists of seven latches, one for each bit; six (0-5) for 

the status of the ports and one (6) for the status of the timer. 

The status of the timer and the I/O section can be polled by reading the Status 

Register (Address XXXXXOOO). Status word format is shown in FIGURE 4. 

Note that you may never write to the status register since the command register 
shares the same I/O address and the command register is selected when a write 
to that address is issued. 


ADDRESS 


STATUS 

REGISTER 


X 

X 

X 

X 

X 

0 

0 

_ 0 

ADy AD^ AD^ ^0^ AD^ ^^2 AD^ ^^0 


TIMER 

INTE 

B 

B 

BF 

INTR 

B 

INTE 

_±_J 

A 

BF 

INTR 

A 


LpORT A INTERRUPT REQUEST 

__ PORT A BUFFER FULL/EMPTY 

(INPUT/OUTPUT) 

— PORT A INTERRUPT ENABLE 

— PORT B INTERRUPT REQUEST 


PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 

PORT B INTERRUPT ENABLE 

TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY HARDWARE 
RESET) 


FIGURE 4 STATUS REGISTER BIT ASSIGNMENT 
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TMP8155P/TMP8155P-2 

TECHNICAL DATA 

TMP8156PAMP8156P-2 


input/output section 
command/status register (c/s) 

Both register have the common address xxxxxOOO. When the C/S registers 
are selected during WRITE operation, a command is written into the C/S 
register. The contents of this register are not accessible through the pins. 
When the C/S is selected during a READ operation, the status information of 
the I/O ports and the timer becomes available on the ADq.^ lines 

• PA Register — This register can be programmed to be either input or output 
ports depending on the status of the contents of the C/S Register. 

Also depending on the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram). The I/O pins assigned in 
relation to this register are PAQ_y. The address of this register is 
XXXXXOOl. 

• PB Register — This register functions the same as PA Register. The I/O 
pins assigned are PB 0 - 7 . The address of this register is XXXXXOIO. 

• PC Register — This register has the address XXXXXOll and contains only 
6 -bits. The 6 -bits can be programmed to be either input ports, output 
ports or as control signals for PA and PB by properly programming the 
AD2 and AD 3 bits of the C/S register. 

When PCo -5 is used as a control port, 3-bits are assigned for Port A and 
3 for Port B. The first bit is an interrupt that the TMP8155P/8156P issues. 

The second is an output signal indicating whether the buffer is full 
or empty, and the third is an input pin to accept a strobe for the strobed 
input mode. See Table 2. 

When the port C is programmed to either MODE 3 or MODE 4, the control 
signals for PA and PB are initialized as follows: 


'—^--^NTROL 

MODE 

BF 

INTR 

STB 

INPUT MODE 

Low 

Low 

Input Control 

OUTPUT MODE 

Low 

High 

Input Control 
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TECHNICAL DATA 

TMP8156P/TMP8156^2 


To summarize, the register’s assignments are shown TABLE 1. 


TABLE 1 l/O PORT ADDRESSING SCHEME 


I/O ADDRESS 

p iwms 

SELECT ION 

NO. OF BITS 


^6 

As 

A 4 

A 3 

A2 

Al 

^0 


X 

X 

X 

X 

0 

0 

0 

Internal 

Command/Status Register 

8 

X 

X 

X 

X 

X 

0 

0 

1 

PAo-7 

General Purpose I/O Port A 

8 


X 

X 

X 

X 

0 

1 

0 

PBo-7 

General Purpose I/O Port B 

8 


X 

X 

1 

X 

X 

0 

1 

1 

PCo-7 

General Purpose I/O Port or 

Control 

6 


X 

X 

X 1 

X 

1 

0 

0 


Low-Order 8 bits of Timer Count 



X 

X 

X 

X 

1 

0 

1 


High 6bits/2 bits of Timer Count 



TABLE 2 TABLE OF PORT CONTROL ASSIGNMENT 


Pin 

MODE 1 

MODE 2 

MODE 3 

MODE 4 

PCO 

Input Port 

Output Port 

A INTR (Port A Interrupt) 

A INTR (Port A Interrupt) 

PCI 

Input Port 

Output Port 

A BF (Port A Buffer Full) 

A BF (Port A Buffer Full) 

PC2 

Input Port 

Output Port 

A STB(Port A strobe) 

A (Port A Strobe) 

PCS 

Input Port 

Output Port 

Output Port 

B INTR (Port B Interrupt) 

PC4 

Input Port 

Output Port 

Output Port 

B BF (Port B Buffer Full) 

PCS 

Input Port 

Output Port 

Output Port 

B STB (Port B Strobe) 
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TIMER SECTION 

The timer is a 14-bit dovm-counter that counts the 'timer input' pulses and 
provides either a square wave or pulse when terminal count (TC) is reached. 

The timer has the I/O address XXXXXlOO for the low order byte of the register 
and the I/O address XXXXXIOI for the high order byte of the register. 

To program the timer, the COUNT LENGTH REGISTER is loaded first, one byte at a 
time, by selecting the timer addresses. Bits 0-13 will specify the length of the 
next count and bits 14-15 will specify the timer output mode. The value loaded 
into the count length register can have any value from 2 h through 3 FFFh in 
bits 0-13. 


M2 

Ml 

Ti3 

Ti2 

Xu 

TlO 

T9 

T8 

1 '-^-■ 

TIMER MODE MSB OF COUNT LENGTH 


T6 

T5 

|t4 

T3 

T2 

Tl 

_1 

|to I 


-^- 

LSB OF COUNT LENGTH 


FIGURE 5 TIMER FROMAT 
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TMP8155P/TMP8155P-2 

TECHNICAL DATA 

TMP8156P/TMP8156^2 


There are four timer modes which are defined by M2 and Ml. 

M2 Ml 

0 0 -Put out low during second half of count. 

0 1 -Continuous square wave; The period of the square-wave 

equals the count length programmed with automatic 
reload at terminal count. 

1 0 - Single pulse upon TC being reached. 

1 1 -Continuous pulses. 

Note: In case of an odd-numbered count, the first half-cycle of the 

square-wave output,which is high, is one count longer than the 
second (low) half-cycle as shown in FIGURE 6. 



FIGURE 6 ASYMMETRICAL SQUARE-WAVE OUTPUT RESULTING FROM COUNT OF 5 
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Bits 6-7 (TM2 and TMl) of command register contents are used to start and 
stop the counter. There are four commands to choose from; 


TM2 TMl 

0 0 

0 1 

1 0 

1 1 


NOP: Do not affect counter operation. 

STOP: NOP if timer has not started; stop counting if the 

timer is running. 

STOP AFTER TO: Stop immediately after present TC is reached. 
(NOP if timer has not started) 

START; Load mode and count length and start immediately 
after loading (if timer is not presently running). 

If timer is running, start the new mode and count length 
immediately after present TC is reached. 


Note that while the counter is counting, you may load a new count and mode 
into the count length registers. Before the new count and mode will be used 
by the counter, you must issue a START command to the counter. This applies 
even though you may only want to change the count and use the previous mode. 


The counter in the TMP8155P/8156P is not initialized to any particular mode 
or count when hardware RESET occurs, but RESET does stop the counting. 
Therefore you must issue a START command via the C/S register, because count¬ 
ing cannot begin following RESET. 

Please note that the timer circuit on the TMP8155P/8156P chip is designed 
to be a square-wave timer, not an event counter. To achieve this, it counts 
down by twos twice in completing one cycle. Thus, its registers do not 
contain values directly representing the number of TIMER IN pulses received. 
You cannot load an initial value of 1 into the count register and cause the 
timer to operate, as its terminal count value is 10 (binary). After the 
timer has started counting down, the values residing in the count registers 
can be used to calculate the actual number of TIMER IN pulses required to 
complete the timer cycle if desired. To obtain the remaining count, 
perform the following operations in order; 

1. Stop the count. 

2. Read in the 16-bit value from the count length registers. 

3. Reset the upper two mode bits. 

4. Reset the carry and rotate right one position all 16 bits through 
carry. 

5. If carry is set, add 1/2 of the full original count (1/2 full count-1 
if full count is odd.) 

Note: If you started with an odd count and you read the count length tegister 
before the third count pulse occurs, you will not be able to 
discern whether one or two counts has occurred. Regardless of this, 
the TMP8155P/8156P always counts out the right number of pulses in 
generating the I’lMER OUT waveforms. 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 

I tern 

Rating 

^CC 

V^rj Supply Voltage with Respect to Vsg 

-0.5V to +7.0V 

ViN 

Input Voltage with Respect to Vgs 

-0.5V to +7.OV 

^OUT 

Output Voltage with Respect to VgS 

-0.5V to -f7.0V 

Pd 

Power Dissipation 

1.5W 

TsOLDER 

Soldering Temperature (Soldering Time 10 sec.) 

260°C 

Tstg 

Storage Temperature 

-55°C to +150‘^C 

topr 

Operating Temperature 

o 

o 

O 

rr 

O 

+ 
— 1 
O 

n 


D,C. CHARACTERISTICS 

Ta=0°C Co +70°C, Vcc = +5V±5% 


Symbol 

Parameter 

Test Conditions 

Min. 

Typ. 

Max. 

Units 

ViL 

Input Low Voltage 


-0.5 


0.8 

V 

VIH 

Input High Voltage 


2.0 


Vcc+0-5 

V 

VoL 

Output Low Voltage 

lOL = 2mA 



0.45 

V 

VOH 

Output High Voltage 

lOH ~ -AOOpA 

2.4 



V 

IlL 

Input Leakage 

ViN " Vcc to OV 



±10 

pA 

^LO 

Output Leakage Current 

0.45V < VqutjIVcc 



±10 

pA 

^CC 

Vqq Supply Current 




180 

mA 

^IL(CE) 

Chip Enable Leakage 

8155 

8156 

^IN = ^CC to OV. 



-flOO 

-100 

pA 

pA 
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TECHNICAL DATA 

TMP8156PAMP8156P-2 


A.C. CHARACTERISTICS 

TA=0°C to +70°C, 


Symbol 

Parameters 

Test 

Condition 

TMP8155P/56P 

TMP8155P-2/56P-2 

Units 

Min. 

Max. 

Min. 

Max. 

tAL 

Address to Latch Setup Time 

150pF Load 

50 


30 


ns 

^LA 

Address Hold Time after Latch 

80 


30 


ns 

^LC 

Latch to READ/WPITE Control 

100 


40 


ns 

tRD 

Valid Data out Delay from READ 
Control 


170 


140 

ns 

^AD 

Address Stable to Data Out Valid 


400 


330 

ns 

^LL 

Latch Enable Width 

100 


70 


ns 

^RDF 

Data Bus Float after READ 

0 

100 

0 

80 

ns 

^CL 

READ/WRITE Control Latch Enable 

20 


10 


ns 

^CC 

READ/WRITE Control Width 

250 


200 


ns 

*^DW 

Data In to WRITE Setup Time 

150 


100 


ns 

•^WD 

Data in Hold Time After WRITE 

0 


25 


ns 

tRV 

Recovery Time Between Controls 

300 


200 


ns 

^WP 

WRITE to Port Output 


400 


300 

ns 

tpR 

Port Input Setup Time 

70 


50 


ns 

tRP 

Port Input Hold Time 

50 


10 


ns 

tSBF 

Strobe to Buffer Full 


400 


300 

ns 

^SS 

Strobe Width 

200 


150 


ns 

tRBE 

READ to Buffer Empty 


400 


300 

ns 

tsi 

Strobe to INTR On 


400 


300 

ns 

tRDI 

READ to INTR Off 

' '! 

400 


300 

ns 

tpss 

Port Setup Time to Strobe 

50 


20 


ns 

tpHS 

Port Hold Time After Strobe 

120 


100 


ns 

^SBE 

Strobe to Buffer Empty 


400 


300 

ns 

^WBF 

WRITE to Buffer Full 


400 


300 

ns 

twi 

WRITE to INTR Off 


400 


300 

ns 

^TL 

TIMER-IN to TIMER-OUT Low 


400 


300 

ns 

^TH i 

TIMER-IN to TIMER-OUT High 


400 


300 

ns 

tRDE 

Data Bus Enable from READ Control 

10 


10 


ns 

tL 

TIMER-IN Low Time 

80 


40 


ns 

tH 

TIMER-IN High Time 

120 


70 


ns 
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TMP8156P/TMP8156P-2 
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TOSHIBA 

TMP8155PAMP8155P-2 

TECHNICAL DATA 

TMP8156PAMP8156P-2 





TMP8155P/TMP8155P-2 

TECHNICAL DATA 

TMP8156PAMP8156P-2 


A. STROBED INPUT MODE 



B. STROBED OUTPUT MODE 



FIGURE 9 STROBED l/o TIMING WAVEFORM 
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TMP8155P/TMP8155P-2 

TECHNICAL DATA 

TMP8156P/TMP8156P-2 



Note 1: The timer output is periodic 
if in an automatic 
reload mode (Mi Mode Bit = 1) 


FIGURE 10 TIMER OUTPUT WAVEFORM COUNTDOWN FROM 5 TO 1 


— 353 — 






integrated circuit 

TOSHIBA 

TMP8155P/TMP8155P-2 

TECHNICAL DATA 

TMP8156P/TMP8156P-2 







integrated CIRCUIT 


TOSHIBA 

TIIIIP8355P 

TECHNICAL DATA 


16,384 BIT ROM WITH I/O PORTS 
GENERAL DESCRIPTION 

The rMPC355P is a ROM and I/O chip to be used in the TLCS-05A microcoinputer 
system. The ROM portion is organized as 2,048 words by 8 bits. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 
8 port lines, and each I/O port line is individually programmable as input 
or output. 

FEATURES 

• 2048 words x 8 bits ROM 

• Single + 5V Power Supply 

• Internal Address Latch 

• 2 General Purpose 8-BiC I/O Ports 

• Access Time ; 400 ns (MAX.) 

• Each I/O Port Line Individually Programmable as Input or Output 

• Multiplexed Address and Data Bus 

• 40 pin DIP 

• Compatible with Inptel's 8355 


PIN CONNECTIONS (TOP VIEW) BLOCK DIAGRAM 

VCC 
PB; 

PB6 CLK 
pg^ READY 

PB 4 
PB3 
PB2 
PBi 

PBo 

PA7 

PAs 

PA5 
PA4 
PA3 
PA2 
PAl 
PAo 
AlO 
A9 
A8 

FIGIIRF 1 TMP8355P PINOUT DIAGRAM FIGURE 2 TMP8355P FUNCTIONAL BLOCK DIAGRAM 
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TMP8355P 


PIN NAMES AND PIN DESCRIPTION 


ALE (input) 

When Address Latch Enable goes high, ADQ.. 7 , lO/M, A 3 _iq, CE 2 , and the 

address latches. The signals (ADq_ 7 , IO/H, Ag_ 2 ^Q, CE 2 , TTEj^) are latched in at 
the trailing edge of ALE. 


AD 0.7 (input/output, 3-state) 


Bi-directional Address/Data bus. The lower 
applied to the bus lines when ALE is high, 
selected based on the latched value of ADq. 
Chip Enables are active, the output buffers 


8 -bits of the ROM or I/O address are 
During an I/O cycle. Port A or B are 
If THi or lOR is low when the latched 
present data on the bus. 


As-lO (input) 

These are the high order bits of the ROM address. They do not affect I/O 
operations. 


CE1> CE2 (INPUT) 

CHIP ENABLE INPUTSiTTEl is active low and CE 2 is active high. Both chip enables 
must be active to permit accessing the ROM. 

io/m (input) 

If the latched lO/H is high when RD is low, the output data comes from an I/O port. 
If it is low the output data comes from the ROM. 

RD (INPUT) 

If the latched Chip Enables are active when HD goes low, the ADQ_y output buffers 
are enabled and output either the selected ROM location or I/O port. 

When both RD and lOR are high, the ADq _7 output buffers are 3-stated. 

Tow (INPUT) 

If the latched Chip Enables are active, a low on lOW causes the output port pointed 
to by the latched value of ADq to be written with the data on ADq_7. 

The state of lO/M is ignored. 

CLK (input) 

The CLK is used to force the READY into its high st^te after it has been forced low 
by low, CE 2 high, and ALE high. 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8355P 


READY (OUTPUT^ 3-STATE) 

READY is a 3-state output controlled by CE 2 , ALE and CLK. 

READY is forced low when the Chip Enables are active during the time ALE is high, 
and remains low until the rising edge of the next CLK. 

PAo - PA 7 (input/output. 3-state) 

These are general purpose I/O pins. Their input/output direction is determined by 
the contents of Data Direction Register (DDR). Port A is selected for write 
operations when the Chip Enables are active,and lOW is low and a 0 was previously 
latched from ADq. 

Read operation is selected by either lOR low, active Chip Enables and ADq low, 
or lO/R high, RD low, active Chip Enables, and ADq low. 

PBo - PB 7 (input/output, 3-STATE) 

This general purpose I/O port is identical to Port A except that it is selected by 
a 1 latched from ADq. 

RESET (INPUT) 

In normal operation,an input high on RESET causes all pins in Ports A and B to 
assume input mode (clear DDR register). 

Tor (input) 

Wlien the Chip Enables are active, a low on TOR' will output the selected I/O port 
onto the AD bus. lOR low performs the same function as the combination of lO/H 
high and ^ low. ILhen IOR is not used in a system, IOR should be tied to Vqq "1". 

Vcc (POWER) 

+5 volt supply. 

Vss (POWER) 

Ground Reference 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8355P 


FUNCTIONAL DESCRIPTION 
ROM SECTION 

The TMP8355P contains an 8-bit address latch which allows it to interface 
cirectly to TLCS-85A microcomputer system without additional hardware. 

ITie ROM portion of the chip is addressed by the 11-bit address (A8-10, ADo_7) 
and CE. The address, lO/M, CE 2 and CE]^ are latched into the address latches 
on falling edge of ALE. If the Chip Enables (CE 2 and CE^) are active and 
lO/M is low when RD goes low, the contents of the ROM location addressed by 
the latched address are put out on the ADq-? lines. 


I/O SECTION 

The I/O port portion consits of two 8-bit I/O ports and two 8-bit Data 
Direction Registers (DDR). The I/O portion of the chip is addressed by the 
latched value of ADq and AD]^. Contents of Port A and Port B can be read and 
written, but the contents of DDR’s cannot be read. The contents of the 
selected I/O port can be read out when the latched Chip Enable are active and 
either RD goes low with lO/M high, or lOR goes low. 

The two 8-bit DDR's (DDRA and DDRB) are used to determine the input/output 
status of each pin in the corresponding port. 

A ’o' specifies an input mode and a '1' specifies an output mode. 

The two 8-bit DDR’s are cleared by RESET signal. The table 1 summarize Port 
and DDR designation. 

TABLE 1, SELECTION OF PORT AND DDR DESIGNATION 


ADi 

ADo 

Selection 

0 

0 

Port A 

0 

1 

Port B 

1 

0 

Port A Data Direction Register (DDR A) 

1 

1 

Port B Data Direction Register (DDR B) 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 

Item 

Rating 


Vqq Supply Voltage with Respect to Vss 

-0.5V to 7.0V 

ViN 

Input Voltage with Respect to Vgg 

-0.5V to 7.0V 

VqUT 

Output Voltage with Respect to V 55 

-0.5V to 7.0V 

Pd 

Power Dissipation 

1.5W 

'^SOLDER 

Soldering Temperature (Soldering Time lOsec.) 

260°C 

■^STG 

Storage Temperature 

-55°C to+150‘’C. 

PqPR 

Operating Temperature 

0®C to+70‘’C 


D.C. CHARACTERISTICS 

Ta = O'C to 70 °C, Vcc = 5V i 5% 


Symbol 

Parameter 

Test Conditions 

Min. 

Typ. 

Max. 

Units 

ViL 

Input Low Voltage 


-0.5 


0.8 

V 

ViH 

Input High Voltage 


2.0 



V 

'^OL 

Output Low Voltage 

Iql = 2mA 



0.45 

V 

^OH 

Output High Voltage 

loH ^ -AOOyA 

2.4 



V 

IlL 

Input Leakage Current 

ViN = Vcc 



t 10 

pA 

^LO 

Output Leakage Current 

0.45^ Vout ^ Vcc 



t 10 

pA 

^CC 

Vqc Supply Current 




180 

mA 
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TMP8355P 


A.C. CHARACTERISTICS 

Ta = 0-C to 70°C, VcC = 5V + 5% 


Symbol 

Parameter 

Test 

Conditions 

Min. 

Typ. 

Max. 

Units 

^CYC 

Clock Cycle Time 

150pF 

Load 

320 



ns 

tL 

CLK Low Width 

80 



ns 

tH 

CLK High Width 

120 



ns 


CLK Rise and Fall Time 



30 

ns 

*^AL 

Address to Latch Set Up Time 

50 



ns 

^LA 

Address Hold Time after Latch 

80 



ns 

^LC 

Latch to READ/WRITE Control 

100 



ns 

*^RD 

Valid Data Out Delay from 

READ Control 



170 

ns 

*^AD 

Address Stable to Data Out Valid 



400 

ns 

^LL 

Latch Enable Width 

100 



ns 

tRDF 

Data Bus Float after READ 

0 


100 

ns 

^CL 

READ/WRITE Control to Latch Enable 

20 



ns 

^CC 

READ/WRITE Control Width 

250 



ns 

^DW 

Data In to WRITE Set Up Time 

150 



ns 

^WD 

Data In Hold Time after WRITE 

10 



ns 

twp 

WRITE to Port Output 



400 

ns 

‘^PR 

Port Input Set Up Time 1 

50 



ns 

'^RP 

Port Input Hold Time 

1 

50 



ns 

^RYH 

READY Hold Time 

0 


160 

ns 

^ARY 

ADDRESS (CE) to READY 



160 

ns 

*^RV 

Recovery Time between Controls 

300 



ns 

^RDE 

Data Out Delay from READ Controls 

10 



ns 

^LCK 

ALE Low during CLK High 

100 



ns 
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TECHNICAL DATA 


TMP8355P 



FIGURE 5 WAIT STATE TIMING (READY=0) 

A. INPUT MODE 
■RD, TOR 

PORT INPUT 

ADq..; 

B. OUTPUT MODE 

low 

PORT OUTPUT 

ADo-7 




FIGURE 6 i/o PORT TIMING 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8355P 


PROGRAM TAPE FORMAT 

TMP8355P programs are delivered in the form of punched paper tape or the 
8755A from which to copy. In case of the 8755A, Toshiba needs two pieces. 


(1) Tape Format 



I Leader, 50 "NULL" characters or more 

- Comment (Record mark ":" is not included) t 

I Option 

- Record Mark J 

Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

"00" .... Normal Record 

Record Type (2 Digits) ..qi.. .... gnd of File Record 
• Data 

Check Sum (2 hexadecimal digits) 

Dummy characters CRUBOUT, BLANK) before and after ''(CR)(LF) 
optional. 

Record Mark (Repeated below) 


Trailer, 50 "NULL" characters or more 


u 


are 


(2) Example of Tape List 


TOSHIBA MICRO COMPUTER TLCS-84 

:100000000665C7D79CF50F3F951FED55A8FF16E570 

:1000100088884DDE67D3IF5D8ABA6DF292F113F5C1 

:10002000AFF1FB5DFFDAA96A99CF7DF9AA346B7C09 

:10003000197352F729F12F79AA9C057C5B851EED77 


1OO3COOO5DFDB5E556A67277F61A51C631CF9F0E8O 
10O3D00OBD2F6F2OE8BB1977E3FB5AD1FA1FDAA7E2 
1003E0O0B53D42E0EC325A6025B7308CDD52O63D1D 
1OO3F0OOB4BE9E9E345B613806OB2OVC372BF6OBD6 
00000001FF 
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TECHNICAL DATA 


TMP82C51AP-2/TMP82C51AF-2 
TMP82C51AP-8/TMP82C51AF-8 


PROGRAMMABLE COMMUNICATION INTERFACE 

TMP82C51AP-2/TMP82C51AF-2 

TMP82C51AP-8/TMP82C51AF~8 


GENERAL DESCRIPTION 

The TMP82C51A is the industry standard Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART) that is fabricated using C-MOS silicon gate 
technology. 

The 82C51A is mainly used for 8~bit microcomputer extension system, which re¬ 
quire serial data communications. 

The TMP82C51AP-2/TMP82C51AP-2 is packaged in the 28 pin standard Dual Inline 
Package. 

The TMP82C51AF-2/TMP82C51AF-8 is packaged in the 44 pin Flat Package. 

FEATURES 

. Synchronous and Asynchronous Operation 

- Synchronous: 

5-8 Bit Characters 

Internal or External Character Synchronization 
Single or Double Character Synchronization (Internal) 

Automatic Sync Insertion 

- Asynchronous: 

5-8 Bit Characters 

Clock Rate - 1, 16 or 64 Times Baud Rate 
Break Character Generation 
1, 1.5 or 2 stop Bits 
False Start Bit Detection 
Automatic Break Detect and Handling 

. Baud Rate TMP82C51AP-2 TMP82C51AP-8 

DC-104K Baud DC-240k Baud 


. Full-Duplex, Double-Buffered, Transmitter and Receiver 
. Error Detection-Parity, Overrun and Framing 
. Single +5V Supply : 5V + 10% 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP82C51AP-2/TMP82C51AF-2 
TMP82C51AP-8/TMP82C51AF-8 


PIN NAMES AND PIN DESCRIPTIONS 
. Interface Signals to CPU (Main System) 

DO ~ D7 (Input/Output) 

This 3-state, bidirectional, 8-bit buffer is used to interface the 82C51A to 
the system Data Bus. Data is transmitted or received through the buffer upon 
execution of Input or Output Instructions of the CPU. Control Words, Command 
Words and Status Information are also transferred through the Data Bus Buffer. 

WR (Input) 

A "low” level signal on this input informs the 82C51A that the CPU is Writing 
Data or Control Words to the 82C51A. 

RD (Input) 

A "low" level signal on this input informs the 82C51A that the CPU is Reading 
Data or Status Information from the 82C51A. 

CS (Input) 

A "low" level signal on this input selects the 82C51A. No reading or writing 
operation will occur unless the device is selected. When CS is ’^igh" the 
Data Bus is in the floating state and RD and WR have no effect on the chip. 

C/D (Input) 

This input signal, in conjunction with the WR and RD inputs, informs the 
82C51A that the word on the Data Bus is either a Data Character, Control Word 
or Status Information. A "high" level signal means Control or Status, a "low" 
level signal means Data. 


C/D 

RD 

WR 

CS 




0 

0 

1 

0 

82C51A Receive DATA Buffer —> 

DATA 

Bus 

0 

1 

0 

0 

82C51A Transmit DATA Buffer <— 

DATA 

Bus 

1 

0 

1 

0 

82C51A Status DATA Buffer —> 

DATA 

Bus 

X 

1 

1 

0 

DATA Bus is in floating state. 



X 

X 

X 

1 

DATA Bus is in floating state. 




CLK (Input) 

The CLK input is used to generate internal device timing. No external input 
or output is referenced to CLK, but the frequency of CLK mus t b e greater than 
30 times the Receiver or Transmitter Data Bit Rates (RxC or TxC) in Synchro¬ 
nous Operatio n, and greater than 4.5 times the Receiver Data Bit Rates (RxC or 
Transmitter, TxC) in Asynchronous operation. 
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RESET (Input) 

A "high” level signal on this input forces the 82C51A into an "Idle" mode. 

The device will remain at "Idle" until a new set of Control Words is written 
into the 82C51A to program its functional definition. Minimum RESET pulse 
width is 6 tcy. 

, MODEM Control Signals 

DSR (Input) 

The DSR input signal is a general purpose, 1-bit inverting input port. It s 
condition can be tested by the CPU using a Status Read Operation. The DSR 
input is normally used to test MODEM conditions such as Data Set Ready signal. 

DTR (Output) 

The DTR output signal is a general purpose, 1-bit inverting output port. It 
can be set "low " by programming the appropriate bit in the Command Instruction 
Word. The DTR output signal is normally used for MODEM control such as Data 
Terminal Ready or Rate Select signal. 

RTS (Output) 

The RTS output signal is a general purpose, 1-bit inverting output port. It 
can be set "low " by programming the appropriate bit in the Command Instruction 
Word. The RTS output signal is normally used for MODEM control such as Re¬ 
quest to Send signal. 

CTS (Input) 

A "low" level signal on this input enables the 82C51A to transmit serial data, 
if the Tx Enable Bit in the Command By te is set to a "one" (TxEN=l). If 
either a Tx Enable off (TxEN=0) or CTS off (CTS=1) condition occurs while the 
Tx is in operation, the Tx will transmit all the data in the USART, written 
prior to Tx Disable Command before shutting down. 

. Transmit Control Signals 

TxC (Input) 

The transmitter Clock controls the rate at which the character is to be 
transmitted. In the Synchronous Transmission Mode, the Baud Rate (lx) is 
equal to the TxC frequency. In Asynchronous Transmission Mode the baud rate 
is a fraction of the actual TxC frequency. A porti on o f the Mode Instruction 
selects this factor; it can be 1, 1/16 or 1/64 the TxC. 

For Example: 

If Baud Rate equals 110 Baud, 

TxC = no Hz (lx) 

TxC = 1.76 kHz (16x) 

TxC = 7.04 Hz (64x) 
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The falling edge of TxC shifts the serial data out of the 82C51A. 

TxD (Output) 

This line is used to transmit the serial data. Serial output data on TxD is 
changed from parallel data to serial data in accordance with the TxD line will 
be held in the marking state ('1' level) immediately on one of the followings. 

. Master Reset _ . Tx Disable (TxEN=0) 

. CTS signal is high (CTS=1) . TxEMPTY signal is high (TxEMPTY=l) 

TxRDY (Output) 

This output informs the CPU that the transmitter is ready to accept a Data 
Character. The TxRDY output pin can be used as an interrupt to the system, 
since it is masked by Tx Disable (TxEN=0), or, for polled Operation, the CPU 
can check TxRDY using a Sttus Read Operation, TxRDY is automatically reset by 
the trailing edge of WR when a Data Character is loaded from the CPU. The 
TxRDY pin output status (TxRDY (pin)) is different from the TxRDY status bit 
status register (TxRDY (status bit)) as follows. 

TxRDY (status bit) = (Transmit Data Buffer Empty_)_ 

TxRDY (pin) = (Transmit Data Buffer Empty) AND (CTS=0) AND (TxEN=l) 

TxEMPTY (Output) 

The TxEMPTY output will go ’’high" when the 82C51A has no characters to send. 

It resets upon receiving a character from the CPU if the transmitter is 
enabled. 

In Synchronous Mode, a "high” level signal on this output indicates that a 
Character has not been loaded and the SYNC Character or Characters are about 
to be or are being transmitted automatically as "fillers". TxEMPTY does not 
go "low" when the SYNC characters are being shifted out. 

. Receive Control Signals 

RxC (Input) 

The Receiver Clock controls the rate at which the character is to be receiv¬ 
ed. In Synchronous Mode, the Baud Rate (lx) is equal to the actual freq uency 

of RxC. In Asynchronous Mode, the Baud Rate is a fraction of the actual RxC 

frequency_;_A portion of the Mode Instruction selects this factor; 1, 1/16 or 

1/64 the RxC. 

For Example: 

if Baud Rate equals 2400 Baud, 

RxC =2.4 kHz (lx) 

RxC = 38.4 kHz (16x) 

RxC = 153.6kHz (64x) 

Data is sampled into the 82C51A on the rising edge of RxC. 
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RxD (Input) 

This line is used to receive the serial data. Serial input data on this line 
is changed to parallel data in accordance with the format specified by the 
Control Words, and then transfered to the Receive Data Buffer. 

RxRDY (Output) 

This output indicates that the 82C51A contains a Data Character that is ready 
to be input to the CPU, RxRDY can be connected to the interrupt structure of 
the C-PU, or, for Polled Operation, the CPU can check the condition of RxRDY 
using a Status Read Operation. 

Rx Enable off both masks and holds RxRDY in the Reset Condition. 

SYNDET/BD (Input/Output) 

This pin is used for SYNDET in Synchronous Mode and may be used as either 
input or output, programmable through the Control Word, It is reset to output 
mode "low" upon RESET. When used as an Output (Internal Sync Mode), the 
SYNDET pin will go "high" to indicate that the 82C51A has located the SYNC 
Character in the Receive Mode. If the 82C51A is programmed to use Double Sync 
Characters then SYDET will go "high" in the middle of the last bit of the 
second SYNC Character. SYNDET is automatically reset upon a Status Read 
Operation. When used as an Input (External Sync Mode), a positive going 
signal will cause th e 82C51A to start assembling Data Characters on the rising 
edge of the next RxC. 

In Asynchronous Mode this pin is used for BD. 

This output will go "high" whenever the receiver remains "low" through two 
consecutive Stop Bit Sequences (including the Start Bits, Data Bits, and 
parity bits). Break Detect may also be read as a Status Bit. 

It is reset only upon a Master Chip Reset or Rx Data returning to a "one" 
state. 

. Power Supply 

. VCC (power) 

+5 Volt supply 

. GND (Power) 

0 Volt supply 
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ABSOLUTE MAXIMUM RATINGS 


Symbol I 

1 I tern 

1 Rating 

VCC 1 

! Power Supplv Voltaf!;e (with respect to GND) 

1-0.5V to 7.0V 

VIN 

1 Input Voltage (with respect to GND) 

1-0.5V to VCC+0.5 

VOUT 

i lOutput Voltage (witli respect to GND) 

1-0.5V to VCC+0.5 

PD 

1 Power Dissipation (la=70*C) 

1 250mW 

TSOLDEK i 

1 Soldering Temperature (10 sec) 

__] 260‘C 

TSTG. 1 

1 Storage Temperature 

l-65'C to 150‘C 

TOPR. i 

Operating Temperature 

1-40-C to 85'C 


D.C CHARACTERS 


Topr = ~40*C to +85*C, VCC = +5V + 10%, GND=0V, Unless otherwise noted. 


1 Symbol 1 Parameter 

1 Test Conditions 

1 Min. 1 

Typ. 

Max. 

Units 1 

1 VIL 

iInput Low Voltage 

1 

1 “0.5 1 

- 

0.8 

V 1 

i VIH 

!Input High Voltage 

1 

1 2.2 1 

- 

VCC+0.5 

V i 

1 VOL 

iOutput Low Voltage 

1 IOL=2.2mA 

1 - 1 

- 

0.45 

V 1 

! VOH1 

lOutput High Voltage 

1 IOH=-400uA 

1 2.4 1 

- 


V i 

1 VOH 2 

!Output High Voltage 

i IOH=-100uA 

IVcc-0.8i 

- 

- 

V 1 

1 VOFL 

jOutput Leak Current 

1 

|0.45V<VOUT<VCC 

I 1 


+ 10 

uA I 

1 IIL 

1 Input Leak Current 

I 

|0.45V<VOUT<VCC 

1 

1 1 

— 

+ 10 

uA ! 

1 

1 Power Supply Current 

1tcyc=200ns 

1 - i 

1.2 

5.0 

mA 1 

licci 

1 (AP- 2 /AF- 2 / 5 MHZ) 

!Vin=4.8V/0.2V 

1 1 




1 

1 Power Supply Current 

!tcyc = 125ns 

1 - 1 

2.0 

8.0 

mA 1 

1 

1 (AP-8/AF-8,8MHz) 

1Vin=4.8V/0.2V 

1 i 




1 

1 Power Supply Current 

!Stop All Clocks 

i 1 




1ICC2 

1(Standby Mode) 

lVCC=5V,CS=l 

1 1 



uA 1 

1 

1 

1 Vin=4.8V/0.2V 

1 1 





A.C. CHARACTERISTICS 

Topr= -40 C to +80 C, VCC= 5V + 10%, GND=0V, Unless otherwise noted. 
BUS READ CYCLE TIMING Note 1) 


1 Symbol 

1 Parameter 

1 Test ! 

1 Conditions 1 

AP-2/AF-2 1 

AP-8/AF-8 ! 

Units 

Min. 

Max. i 

Min. 

Max. i 

1 tAR 

i C/D Set-Up 

1 1 

1 1 

10 

_ 1 

10 

1 

nS ! 


1 Time for RD 

1 1 




1 


1 tRA 

1 C/D Hold 

1 1 

1 1 

0 

_ 1 

0 

1 

nS 1 


1 Time for RD 

1 1 




1 


1 tRR 

1 RD Pulse Width 

1 1 

1 1 

1 1 

150 

- 1 

150 

1 

1 

nS I 

1 tRD 

1 Data Delay Time 

1 CL=150pF 1 




1 



1 for RD Note 2) 

1 Note 3)1 

- 

140 1 

- 

140 1 

nS 1 

1 tDF 

1 Data Hold Time 

1 1 




1 



1 for RD 

1 1 

10 

80 1 

10 

50 1 

nS 1 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP82C51AP-2/TMP82C51AF-2 
TMP82C51AP-8/TMP82C51AF-8 


BUS WRITE CYCLE TIMING Note 1) 


1 Symbol 

1 Parameter 

T 

Test 

T 

TMP82C51AP-2 

TMP82C51AP-8 1 

Units[ 

1 

Conditions 

1 

Min. 

! Max. 

Min. 

1 Max. 

1 tAW 

1 C/D Set-Up 

T 

1 


T 

1 

0 

1 

0 


1 

nS 1 


! Time for WR 

1 


1 


! 




1 tWA 

1 C/D Hold 

T 

1 


T 

1 

0 

1 

0 

1 — 

nS 1 


1 Time for WR 

1 


1 


1 




1 tWW 

1 RD Pulse Width 

T 

1 


T 

1 

150 

1 

150 

1 _ 

nS 1 

1 tDW 

1 Data Set-Up Time 

1 for WR 

1 

1 


T 

1 

100 

1 

80 

1 

nS 1 

1 tWD 

1 Data Hold Time 

1 for WR 

T 

1 


T 

1 

10 

1 

10 

n ^ 

nS 1 

i tRV 

1 Recovery Time Be- 
1 tween VJrite 

T 

1 

Note 4) 

T 

1 

6 

1 

1 - 

6 

1 

1 - 

tcyc 1 


OTHER TIMINGS 


Symbol 

j Parameter 

[ Test [__ 

[ Conditions | 

TMP82C51AP-2 
Min. [ Max. 

TMP82C51AP-8 [ 
Min. 1 Max. j 

Units 1 

1 tcyc 

1 Clock Period Note 

5),6) 1 

200 

[ 

125 

! - 1 

nS I 

itH 

1 Clock High Level Wdith 1 

80 

j - 

50 

1 ” 1 

nS 1 

itL 

1 Clock Low Level Width 1 

50 

1 

35 

1 “ [ 

nS 1 

ItR, tF 

IClock Rise, Fall 

rime [ 

- 

1 20 

- 

I 20 [ 

nS ! 

itDTx 

|TxD Delay Time from Falling Edge! 





1 


lof TxC 

1 

- 

[ 1 

- 

1 0.5 [ 

us [ 


[Transmitter Input 

[ IxBaud Rate 1 

DC 

[ 104 

DC 

1 240 [ 

1 

1 fTx 

[Clock Frequency 

[ISxBaud Rate[ 

DC 

[ 528 

DC 

1 1536 1 

kHz [ 


1 

[64xBaud Rate I 

DC 

[ 832 

DC 

1 1536 [ 

1 


[Transmitter Input 

[ IxBaud Rate[ 

12 

[ 

12 

1 - 1 

1 

1 tTPH 

[Clock Low Level 

[16x, 64x, [ 





tcyc [ 


[Width 

[Baud Rate [ 

1 

[ - 

1 

1 ~ ! 

1 


[Transmitter Input 

[ IxBaud Rate[ 

15 

1 " 

15 

1 - 1 

1 

ItTPL 

[Clock High Level 

[I6x, 64x, [ 





tcyc 1 


[Width 

[Baud Rate I 

3 

[ - 

3 

1 - 1 

1 


[Receiver Input 

1 IxBaud Rate[ 

DC 

[ 104 

DC 


wmm 

IfRx 

[Clock Frequency 

[IbxBaud Rate I 

DC 

1 528 

DC 




1 

[64xBaud Rate I 

DC 

[ 832 

DC 

■S3 

■il 


[Receiver Input 

1 IxBaud Rate I 

12 

[ ” 

12 



ItRPH 

[Clock High Level 

|16x, 64x, 1 




^9 



[width 

[Baud Rate [ 

1 

1 

1 




[Receiver Input 

1 IxBaud Ratel 

15 

1 - 

15 

1 - 1 


ItRPH 

[Clock Low Level 

116x, 64x, I 





tcyc 1 


[width 

[Baud Rate 1 

3 

1 - 

3 

1 “ 1 


1tTxRD^ 

[TxRDY Pin Delay Time from Center[ 







lof Last Bit 

1 

- 

1 14 

- 

1 14 1 

tcycl 

ItTxRDY 

1TxRDY Clear Delay Time from [ 






1 CLEAR 

[Leading Edge of WR 1 

- 

[ 400 

- 

1 200 1 

ns 1 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP82C51AP-2/TMP82C51AF-2 
TMP82C51AP-8/TMP82C51AF-8 


Symbol 

p ^ 1 Test 

1 Conditions 

TMP82C51AP-2 

1 TMP82C51AP-8 I 

Units 

Min. 

1 

Max. 

1 Min. 

Max. 1 

1tRxRDY 

TxRDY Pin Delay Time from Center 
of Last Bit 


T 

1 

26 

1 _ 

r 

26 1 

tcyc 1 

1tRxRDY 

1 aEAR 

RxRDY Clear Delay Time from 
Leading Edge of WR 

— 

1 

1 

400 

j ^ 

1 

200 1 

ns 1 

1 tis 

Internal SYNDET Delay Time from 
Rising Edge of RxC 

_ 

1 

1 

26 

1 _ 

1 

26 1 

tcyc 1 

ItES 

1 External SYNDET Set-Up Time for | 
iFalling Edge of RxC I 

_ 

1 

1 

18 

1 _ 

1 

18 1 

tcyc 1 

1 tTx 

1 EMPTY 

iTxEMPTY Delay Time from Center j 
|of Last Bit 1 

_ 

T 

1 

20 

1 “ 1 

1 

20 1 

tcyc 1 

1 twc 

1 Control Delay Time from Rising ! 
lEdge of WR (TxEN,DTR,RTS) ! 


1 

1 

8 

1 

1 

8 1 

tcyc 1 

1 tCR 

1 

IDSR.CTS Set-Up Time for RD I 

20 

1 

1 


1 

1 20 

i 

tcyc 1 


Notes: 

1) AC Test Conditions: Output measuring point VOH=2.0V, VOL=0.8V 

Input supply level VIH=2.4V, VIL=0.45V 

2) Assumes that Address is valid before the falling edge of RD. 

3) CL means load capacitance. 

4) This recovery time is defined only for Mode Initialization. 

Write Data is allowed only when TxRDY=l. Recovery Time between Writes for 
Asynchronous Mode is 8 tcyc and for Synchronous Mode is 16 tcyc. 

5) The TxC and RxC frequencies have the following limitations with respect to 
CLK: 

For lx Baud Rate, fTx or fRx<l(30 tcyc) 

For 16x and 64x Baud Rate, ftX or fRxj<l(4.5 tcyc) 

6) Minimum Reset Pulse Width is 6 tcyc. System Clock must running during 
Reset. 

7) Status up data can have a maximum delay of 28 clock periods from the event 
affecting the status. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP82C51AP-2/TMP82C51AF-2 
TMP82C51 AP-8/TmP82C51 AF-8 






integrated circuit 

TOSHIBA 

TMP82C51AP-2/TMP82C51AF-2 

TECHNICAL DATA 

TMP82C51AP-8/TMP82C51AF-8 


WRITE DATA CYCLE (CPU --> 82C51A) 



READ DATA CYCLE (82C51A —> CPU) 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP82C51AP-2/TMP82C51AF-2 
TMP82C51AP-8/TMP82C51AF-8 


WRITE CONTROL OR OUTPUT PORT CYCLE (CPU —> 82C51A) 





WR _ 


L _Iwc ^1 

L J 




DATA BUS don’t CARE ; 


^DW 






"^WD 

; DON^T CARE 

] 

iATA STABLE 


CINPUT DATA) N 





'*^AW—^ 




— ^WA 

C/D *5 




r 



■^AW ^ 





CS \ 

L. 

r- 

r 


READ CONTROL OR INPUT PORT CYCLE (82C51A —> CPU) 


i 

1 

DsR»CTs ^ 

p 

It- 


■^CR 

^RR 




DATA BUS DATA FLOATING 


^RD^ 




7 



“ tDF 

- DATA FLOATING 

DATA VALID 
c- . 


(OUTPUT data) 

ij 

4 






■‘^AR 




■“ tRA 

c/D ’j 



1 

iv . 




■tAR""^ 




tRA 


r- -1 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP82C51 A^2/TMP82C51 AF-2 
TMP82C5t A^8/TMP82C51 AF-8 

















INTEGRATED CIRCUIT 

TOSHIBA 

TMP82C51AP-2/TMP82C51AF-2 

TECHNICAL DATA 

TMP82C51AP-8/TMP82C5IAF-8 



data Data 

CHARAl CHARA2 


ei234S6P£rrp 


EXAMPLE POFMAT I 7 BIT CHARACTER WITH PARITY A » STOP BITE. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TMP82C51AP-2/TMP82C51AF-2 
TMP82C51AP-8/TMP82C51AF-8 


TECHNICAL DATA 







TMP82C51 A^2/TMP82C51 AF-2 

TECHNICAL DATA 

TMP82G51AP-8/TMP82C51AF-8 


OUTLINE DRAWING (FLAT PACKAGE) Unit in mm 










TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8251AP 


PROGRAMflABLE COflMUNICATION INTERFACE 

GENERAL DESCRIPTION 

The TMP8251AP is the industry standard Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) that is fabricated using 
N-channel silicon gate MOS technology. 

The TMP8251A is mainly used for 8-bit microcomputer extension 
systems, which require serial data communications. 


FEATURES 

' Synchronous and Asynchronous Operation 

- Synchronous: 

5-8 Bit Characters 

Internal or External Character Synchronization 
Single or Double Character Synchronization (Internal) 
Automatic Sync Insertion 

Asynchronous: 

5-8 Bit Characters 

Clock Rate - 1,16 or 64 Times Baud Rate 
Break Character Generation 
1. 1 V 2 . or 2 Stop Bits 
False Start Bit Detection 
Automatic Break Detect and Handling 

• Baud Rate DC to 64K Baud (Synchronous) 

DC to 19.6K Baud (Asynchronous) 

• Full-Duplex, Double-Buffered, Transmitter and Receiver 

• Error Detection-Parity, Overrun and Framing 

• Single 4-5V Supply 

• Compatible with Intel's 8251A/S2657 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMP8251AP 

TECHNICAL DATA 


PIN CONNECTIONS (Top View) 



D] 

Do 

vcu 

rIc 

DTK 

fTfs 

DOR 

RESET 

Cl.K 

TxD 

TxEMPTY 

GTS 

SYNDET.^D 

TxKDY 


BLOCK DIAGRAM 



TxD 


TxRDY 

TxEMPTY 

T)^ 


RxD 


RxRDY 

SYNDET,^D 

RxC 


RTS 


DTR 

DSR 


3B2 










TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8251AP 


PIN NAMES AND PIN DESCRIPTIONS 


• Interface Signals to CPU (Main System) 

Do Dy (Input/Output) 

This 3-state, bidirectional, 8-bit buffer is used to interface the 8251A 
to the system Data Bus. Data is transmitted or received through the 
buffer upon execution of Input or Output Instructions of the CPU. Control 
Words, Command Words and Status Information are also transferred 
through the Data Bus Buffer. 


WR (Input) 

A "low" level signal on this input informs the 8251A tliat the CPU is 
Writing Data or Control Words to the 8231A. 


RD (Input) 

A "low" level signal on this input informs the 8251A that the CPU is 
Reading Data or Status Information from the 8251A. 

CS (Input) 

A "low" level signal on this input selects the 8251A. No reading or 
writing operation will occur unless the device is selected. When CS 
is "liigh" the Data Bus is in the floating state and RD and WR have no 
effect on the chip. 

C/D~ (Input) 

This input signal, in conjunction with the WR and RlT inputs, imforms 
the 8251A that the word on the Data Bus is either a Data Character, 
Control Word or Status Infromation. A "high" level signal means 
Control or Status, a "low" level signal means Data. 


C/D" 

w 

WR 





0 

0 

1 

0 

8251A 

Receive DATA Buffer DATA 

Bus 

0 

1 

0 

0 

8251A 

Transmit DATA Buffer*^ DATA 

Bus 

1 

0 

1 

0 

8251A 

Status DATA Buffer ->■ DATA 

Bus 

1 

1 

0 

0 

8251A 

Command DATA Buffer ^ DATA 

Bus 

X 

1 

1 

0 

DATA Bus is in floating state. 


X 

X 

X 

1 


II 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8251AP 


CLK (Input) 

The CLK input is used to generate internal device timing. No external input 
or output is referenced to CLK, but the frequency of CLK must be greater than 
30 times the^ Receiver or Transmitter Data Bit Rates (RxC or TxC) in 
Synchronous Operation, and greater than 4.5 times the Receiver Data Bit Rates 
(llxC) in Asynchronous Operation. 

RESET (Input) 

A "high" level signal on this input forces the 8251A into an "Idle" mode. 

The device will remain at "Idle" untill a new set of Control Words is 
written into the 8251A to program its functional definition. Minimum 
RESET pulse width is 6 tcy. 


• MODEM Control Signals 
DSR (Input) 

The DSR input signal is a general purpose, l~bit inverting input port. 
Its condition can be tested by the CPU using a Status Read Operation. 

The DSR input is normally used to test MODEM conditions such as Data 
Set Ready signal. 

OTR (Output) 

The Wr output signal is a general purpose, 1-bit inverting output port. 
It can be set "low" by programming the appropriate bit in the Command 
Instruction Word. The DTR output signal is normally used for MODEM 
control such as Data Terminal Ready or Rate Select signal. 


RTS (Output) 

The RTS output signal is a general purpose, l~bit inverting output port. 

It can be set "low" by programming the appropriate bit in the Command 
Instruction Word. The RTS output signal is normally used for MODEM 
control such as Request to Send signal. 

CTS (Input) 

A "low" level signal on this input enables tiie 8251A to transmit serial 
data, if the Tx Enable Bit in the Command Byte is set to a "one" (TxEN=l). If 
either a Tx Enable off (TxEN=0) or CTS off (CTS=1) condition occurs while 
the Tx is in operation, the Tx will transmit all the data in the USART, 
written prior to Tx Disable Command before sliutting down. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8251AP 


• Transmit Control Signals 
TxC (Input) 

The Transmitter Clock controls the rate at which the character is to be 
transmitted. In the Synchronous Transmission Mode, the Baud Rate (lx) 
is equal to the TxC frequency. In Asynchronous Transmission Mode the 
baud rate is a fraction of the actual TxC frequency. A portion of the 
Mode Instruction selects this factor; it can be 1, 1/16 or 1/6A the TxC. 

For Example; 

If Baud Rate equals 110 Baud, 

T^ = 110 Hz (lx) 

= 1.76 KHz (16x) 

T>^ = 7.0A KHz (6Ax) 

The falling edge of TxC shifts the serial data out of the 8251A. 

TxD (Output) 

This line is used to transmit the serial data. Serial output data on 
TxD is changed from parallel data to serial data in accordance with the 
format specified by the Control Words. 

TxD line will be held in the marking state ('1' level) immediately on 
one of the followings. 

• Master Reset • Tx Disable (TxEN=0) 

• CTS signal is high (CTS=1) • TxEMPTY signal is high (TxEHPTY=l) 


TxRDY (Output) 

This output informs the CPU that the transmitter is ready to accept a Data 
Character. The TxRDY output pin can be used as an interrupt to the system, 
since it is masked by Tx Disable(TxEN=0), or, for polled Operation, the CPU 
can check TxRDY using a Status Read Operation. TxRDY is automatically reset 
by the trailing edge of WR when a Data Character is loaded from the CPU. 

The TxRDY pin output status (TxRDY (pin)) is different from the TxRDY status 
bit status (TxRDY (status bit)) as follows. 

TxRDY (status bit) = (Transmit Data Buffer Empty) 

TxRDY (pin) = (Transmit Data Buffer Empty)•(CTS=0)•(TxEN=l) 

TxEMPTY (Output) 

The TxEMPTY output will go "high" when the 8251A has no characters to send. 
It resets upon receiving a character from the CPU if the transmitter is 
enabled. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 



In Synchronous Mode, a "high" level signal on this output indicates that 
a Character has not been loaded and the SYNC Character or Characters are 
about to be or are being transmitted automatically as "fillers". TxEMPTY 
does not go "low" when the SYNC characters are being shifted out. 

• Receive Control Signals 
RxC (Input) 

The Receiver Clock controls the rate at which the character is to be 
received. In Synchronous Mode, the Baud Rate (lx) is equal to the actual 
frequency of RxC. In Asynchronous Mode, the Baud Rate is a fraction of 
the actual RxC frequency. A portion of the Mode Instruction selects this 
factor; 1, 1/16 or 1/6A the RjcC". 

For Example; 

if Baud Rate equals 2400 Baud, 

= 2,4 KHz (lx) 

= 38.4 KHz (16x) 

RxC = 153.6 KHz (64x) 

Data is sampled into the 8251A on the rising edge of RxC. 

RxD (Input) 

This line is used to receive the serial data. Serial input data on this 
line is changed to parallel data in accordance with the format specified 
by the Control Words, and then transfered to the Recive Data Buffer. 

RxRDY (Output) 

This output indicates that the 8251A contains a Data Character that is 
ready to be input to the CPU. RxRDY can be connected to the interrupt 
structure of the CPU, or, for Polled Operation, the CPU can check the 
condition of RxRDY using a Status Read Operation. 

Rx Enable off both masks and holds RxRDY in the Reset Condition. 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMP8251AP 

TECHNICAL DATA 


SYNDET/BD (Input/Output) 

This pin is used for SYNDET in Synchronous Mode and may be used as either 
input or output, programmable through the Control Word. It is reset to 
output mode "low" upon RESET. When used as an Output (Internal Sync Mode), 
the SYNDET pin will go "high" to indicate that the 8251A has located the 
SYNC Characte in the Receive Mode. If the 8251A is programmed to use 
Double Sync Characters then SYNDET will go "high" in the middle of the 
last bit of the second SYNC Character. SYNDET is automatically reset upon 
a Status Read Operation. When used as an Input (External Sync Mode), a 
positive going signal will cause the 8251A to start assembling Data 
Characters on the rising edge of the next RxC 


In Asynchronous Mode this pin is used for BD. 

This output will go "high" whenever the receiver remains "low" through 
two consecutive Stop Bit Sequences (including the Start Bits, Data Bits, 
and Parity Bits). Break Detect may also be read as a Status Bit. 

It is reset only upon a Master Chip Reset or Rx Data returning to a 
"one" state. 

But, if the Rx Data returns to a "one" State during the last bit of the 
next character after the Break, Break Detect does not alv/ays reset. 


• Power Supply 

* ^CC (Power) 

+5 Volt supply 

• GND (Power) 

0 Volt supply 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TIIIIP8251AP 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

vcc 

Power Supply Voltage (with respect to GND) 

-0.5V to 7.0V 

ViN 

Input Voltage (with respect to GND) 

-0.5V to 7.0V 

^OUT 

Output Voltage (with respect to GND) 

-0.5V to 7.0V 

Pd 

Power Dissipation (Ta=70°C) 

IW 

^solder 

Soldering Temperature (10 sec) 

260^0 


Storage Temperature 

-55°C to 150°C 

Popr. 

Operating Temperature 

o 

0 

n 

rr 

0 

o 

0 

n 


D. C. CHARACTERISTICS Topj-=0‘’C to 70“C, Vcc=5V +5^, GND=OV, Unless otherwise noted. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

ViL 

Input Low Voltage 


-0.5 

- 

0.8 

V 

ViH 

Input High Voltage 


2.2 

- 

Vcc 

V 

VoL 

Output Low Voltage 

Iol= 2.2mA 

- 

- 

0.45 

V 

VOH 

Output High Voltage 

l0H'=~'^D0yA 

2.4 

- 

- 

V 

^OFL 

Output Leak Current 

0.45VlVouTlVcC 

- 

- 

±10 

pA 

IlL 

Input Leak Current 

0.45VfViNfVcc 

- 

- 

±10 

pA 


Power Supply Current 

All Outputs="High" 

- 

- ! 

100 

mA 


A.C. CHARACTERISTICS Topr=0°C to 70°C, Vcc=5V±5%, GND=0V, Unless otherwise noted. 
BUS READ CYCLE TIMING Note 1) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

^AR 

CS, C/D Set-up Time for RD 


50 

- 

- 

ns 

^RA 

C/D Hold Time for "Rj^ 


50 

- 

- 

ns 

^RR 

RD Pulse Width 


250 

- 

- 

ns 

tRD 

Data Delay Time for RD Note 2) 

CL=150pF Note 3) 

~ 

- 

250 

ns 

^DF 

Data Hold Time for RD 


10 

- 

100 

ns 


BUS WRITE CYCLE TIMING Note 1) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 



■^AW 

CS, C/D Set-up Time for WR 


50 

- 

- 

iHB 

^WA 

C/D Hold Time for M 


50 

- 

■ 

'mm 

^WW 

WR Pulse Width 


250 

- 

B 

^KSli 

^DW 

Data Set Up Time for WR 


150 

- 

wm 

B9i 

*^WD 

Data Hold Time for WR 


50 

- ^ 


ign 

tRV 

Recovery Time Between WRITES 

Note 4) 

6 

_I_ i 

- 

ES9I 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8251AP 


OTHER TIMING 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

tcyc 

Clock Period Note 5), 6) 

320 

- 

1350 

ns 

tH 

Clock High Level Width 

lAO 

- 

tcyc-90 

ns 

tL 

Clcok Low Level Width 

90 

- 

- 

ns 

tR, tp 

Clock Rise and Fall Time 

- 

- 

20 

ns 

tOTx 

TxD Delay Time from Falling Edge of 

TxC 

- 

- 

1 

ps 

fix 

Transmitter Input 
Clock Frequency 

lx Baud Rate 

DC 

- 

6A 

kHz 

16x Baud Rate 

DC 

- 

310 

6Ax Baud Rate 

DC 

- 

615 

tTPH 

Transmitter Input 
Clock High Level 
Width 

lx Baud Rate 

12 

_ 

_ 

tcyc 

16x,6Ax Baud Rate 

1 

- 

- 

‘^TPL 

Transmitter Input 
Clock Low Level 
Width 

lx Baud Rate 

15 

- 

- 

^cyc 

l6x,6Ax Baud Rate 

3 

- 

- 

^'Rx 

Receiver Input 

Clock Frequency 

lx Baud Rate 

DC 

- 

6A 

kHz 

16x Baud Rate 

DC 

- 

310 

6Ax Baud Rate 

DC 

- 

615 

^RPH 

Receiver Input 
Clock High Level 
Width 

lx Baud Rate 

12 

- 

- 

tcyc 

16x,6Ax Baud Rate 

1 

- 

- 

tRPL 

Receiver Input 
Clock Low Level 
Width 

lx Baud Rate 

15 

- 

- 

^cyc 

l6x,6Ax Baud Rate 

3 

- 

- 

tTxRDY 

TxRDY Pin Delay Time from Center of 
Last Bit 

- 

- 

8 

^cyc 

tTxRDY CLEAR 

TxRDY Clear Delay Time from Trailing 
Edge of WR 

- 

- 

6 

tcyc 

‘^RxRDY 

RxRDY Pin Delay Time from Center of 
Last Bit 

- 

- 

2A 

^cyc 

tRxRDY CLEAR 

RxRDY Clear Delay Time from Leading 
Edge of RD 

- 

- 

6 

^cyc 

tis 

Internal SYNDET Delay Time from 

Rising Edge of RxC 

- 

- 

2A 

^cyc 

^ES 

External SYNDET Set-Up Time fore 
Falling Edge of RxC 

16 

- 

-* 

^cyc 

^TxEbfPTY 

TxEMPTY Delay Time from Center of 

Last Bit 

20 

- 

- 

^cyc 

^WC 

Control Delay Time from Rising Edge 
of W ( TxEN, DTR, RTS) 

8 

- 

- 

^cyc 

^CR 

DSR, CtS Set-Up Time for W 

20 

- 

- 

tcyc 


Note 7 
Note 7 
Note 7 

Note 7 
Note 7 
Note 7 
Note 7 

Note 7 
Note 7 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8251AP 


Notes: 

1) AC Test Conditions: Output measuring point VqH^^.OV, 

Input supply level VlH = 2.4V, Vji^=0.45V 

2) Assumes that Address is valid before the falling edge of RD. 

3) Cl means load capacitance. 

4) This recovery time is defined only for Mode Initialization. 

Write Data is allowed only when TxRDY=l. Recovery Time between 
Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode 
is 16 tcy. 

5) The TxC and RxC frequencies have the following limitations with 
respect to CLK: 

For lx Baud Rate, f^x or fpx-1/(^Otcy) 

For 16x and 64x Baud Rate, fxx or fpx-i/5tcy) 

6) Minimum Reset Pulse Width is 6 tcy. System Clock must be running 
during Reset. 

7) Status up data can have a maximum delay of 28 clock periods from 
the event affecting the status. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 



TIMING WAVEFORMS 


SYSTEM CLOCK INPUT 



TRANSMITTER CLOCK AND DATA 


TxC(lxMODE) 


TxC(l6xM0DE) l/W 



RECEIVER CLOCK AND DATA 


Rxbaud counter starte here. 


RxC(IxMODE) 


SflxC PERIODS IbHxC PERIODS 

Cl b X MODE) ( I 6 X MODE) 



RxC(IbxMODE) 


INTERNAL — 

sampling pulse 


mmiwmim 





TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMPS25IU> 


WRITE DATA CYCLE (CPU^ 8251A) 


DATA BUS _ 

(INPUT DATA) 


C/D 




1 I 


DON T CARE 


^AW “ 


1 


^WW 


,TA STABLiiJ 


^TxRDY CLEAR 




^WD 


DON T CARE 


^WA 


^WA 


READ DATA CYCLE (8251A-^CPU) 


RxRDY 
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integrated circuit 


TOSHIBA 


TECHNICAL DATA 

TMP8251AP 


WRITE CONTROL OR OUTPUT PORT CYCLE (CPU8251A) 



READ CONTROL OR INPUT PORT CYCLE (8251A >CPU) 
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TMP8251AP 










integrated circuit 


TOSHIBA 

TMP8251AP 

TECHNICAL DATA 


TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE) 



data data data data 

CHARAl CHARA2 CHAJU3 CHARA4 


EXAMPLE format I 7 BIT CHARACTER & 2 STOP BITS. 

Note : TxRDY( PIN) - (Transmit Data Buffer is empty ) • (TxEN=l)- (CT6-0 ) 
TxKDY(STATUS BITJ-C Transmit Data Buffer is empty ) 

RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE) 



CHARAl CHARA2 CHaKA3 


EXAMPLE FORMAT I 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TIIIIP82C53P-2/F-2 


TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT 
TMP82C53P-2/TMP82C53F-2 
SILICON MONOLITHIC CMOS SILICON GATE 

PROGRAMMABLE INTERVAL TIMER 


GENERAL DESCRIPTION 

The TMP82C53P-2/F-2(hereinafter referred to as TMP82C53) is a programmable 
countef/timer. It is organized as 3 independent 16 bit counters, each 
operates with a count rate of up to 5MHz. All modes of operation are software 
programmable. 

FEATURES 


o Count Binary or BCD 

o 3 Independent 16 Bit Counters 

o Single +5V Supply 

o Count rate DC to 5MHz 

o 6 programmable Counter Mode 

o Low Power Consumption 2mA TYP. @5MHz 

o Extended Operating Temperature -40 C to 85 C 


PIN CONNECTIONS 
TMP82C53P-2 


TMP82C53F-2 



Vcc 

TTs 

A1 

AO 

CLKt 

0UT2 

GATE2 

cu:i 

GATEl 

OUTl 


PIN NAMES 

1 

D7 - DO 

Data Bus (8 bit) 


1 

CLK N 

Counter Clock Input 


1 

GATE N 

Counter Gate Input 


1 

OUT N 

Counter Output 


1 

1 

RD 

Read Counter 


1 

1 

WR 

1 

1 Write Counter 


1' 

1 

Zs 

I 

1 Chip Select 



> 

o 

\ 

> 

1 Counter Select 



VCC 

1 +5V 



Vss 

1 Ground (OV) 






NC ^-- 

34 

22 

NC ^ -.' 

35 

21 

151= 

36 

20 

NR ^ -- 

37 

19 

VCC !- 

38 

16 

• lev - 

39 

17 

D7 i- 

40 

16 

D6 14- 

41 

15 

D5 1- 

42 

14 

NC 1-- 

43 

13 

NC 1-.. 

44 

12 





^ Ht 
^ NC 

^ CLK1 
^ GAin 
^ 0U11 

^ lev • 

^ VSS(GKD) 
^ GATED 
^ OUTO 
3 NC 
^ NC 


rw o ^ e o o <_> 


*) ICV (Pinl7 and Pin39) must 
connected with Vcc or must 


be 

be OPEN 


NC : No Connection 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP82C53P-2/F-2 


BLOCK DIAGRAM 


D7 



CLKO 

GATED 

OUTO 


CLKl 

GATEl 

OUTl 


CLK2 

GATE2 

OUT2 
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INTEGRATED CIRCUIT 


TOSHIBA 

” TECHNICAL DATA 

TMP82C53P-2/F-2 


PIN NAMES AND PIN DESCRIPTION 

Vss(GND) (Power Supply) 

Ground, 

VCC (Power Supply) 

+5V during operation. 

CS (Input) 

A low on this pin enables read and write communication between the CPU and 
the TMP82C53. The Us input has no effect upon the actual operation of the 
counters. 

AOj Al (input) __ 

These inputs acts in conjunction with the CS, WR, and RD pins. This pin 
is used to select one of the three counters to be operated on and to 
address the control word register for mode selection. 

WR (Input) _ 

A low on this pin when CS is low enables the TMP82C53 to accept mode 
information or loading counters from the CPU. 

RD (Input) _ 

A low on this pin when CS is low enables the TMP82C53 to release a counter 
value onto the data bus for the CPU. 

DO - D7 (Input/Output) 

Bidirectional 8bit Data Bus. Mode information and the count values are 
transferred via this data bus. 

CLKO - CLK2 (Input) 

Clock inputs to counters. Falling edge on this pin enable the counter to 
count down. 

GATEO - GATE2 (Input) 

Gate inputs to counters. The function of this pin differs by the mode 
selection of counter operation. 

OutO - 0ut2 (Output) 

Outputs from the counters. The output signal from this pin differs by the 
mode selection of counter operation. 


FUNCTIONAL DESCRIPTION 
[Block Description] 

Data Bus Buffer 

This is 3-state, bidirac tional, 8 bit buffer used for interfacing the 

TMP82C53 to the system data bus. The Data Bus Buffer has three functions 
as follows. Programming the MODEs of the TMP82C53, Loading the count 
registers, and Reading the count values. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C53P-2/F-2 


Read/Write Logic 

The Read/Write Logic accepts inputs from the system bus and in turn 
generates control signals for overall device operation. 


cs ! 

1 

RD 1 

1 

WR 1 

Al 

1 

1 

AO 

i 

! 


0 1 

1 1 

0 1 

0 

1 

0 

! 

Load Counter Y/O 

0 ! 

1 1 

0 1 

0 

1 

1 

1 

Load Counter ^/1 

0 1 

1 i 

0 1 

1 

1 ■ 

1 

0 

1 

Load Counter #2 

0 i 

1 1 

0 1 

1 

1 

1 

1 

Write Mode Word 

0 1 

0 1 

1 1 

0 

1 

0 

1 

Read Counter #0 

0 1 

0 1 

1 1 

0 

1 

1 

1 

Read Counter #1 

0 ! 

0 1 

1 1 

1 

1 

0 

1 

Read Counter #2 

0 1 

0 1 

1 1 

1 

1 

1 

1 

Data Bus is in 
High-impedance state 

1 1 

X 1 

X i 

X 

1 

X 

1 

0 1 

1 1 

1 1 

X 

1 

X 

1 



Control Word Register 

The Control Word Register is selected when AO, A1 are 11. It then accepts 
information from the data bus buffer and stores it in a register. The 
information stored in this register controls the operational MODE of each 
counter, selection of binary or BCD counting and the loading of each count 
register. No reading of the contents of the control Word Register is 
available. 

Counter #0, Counter #1, Counter #2 

These three blocks are identical so only a single counter will be 
described. Each counter consists of a signle, 16 bit, presettable, DOWTSf 
counter. The counter can operate in either binary or BCD and its input, 
gate and output are configured by the selection of MODES (Six MODES: MODE 
0 to MODE 5) stored in the Control Word Register. Also the control word 
handles the loading of the count value so that software overhead can be 
minimized for these functions. 

The reading of the contents of each counter is available to the programmer 
with simple READ operations for event counting applications. Special 
commands and logic are included in the TMP82C53 so that the contents of 
each counter can be read "on the fly" without having to inhibit the clock 
input. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP82C53P-2/F-2 


[mode Definition] 

Mode 0; Interrupt on Terminal Count. 

The output will be initially low after the mode set operation. After 
the count is loaded into the selected count register, the output will 
remain low and the counter will count. UTien terminal count is 
reached the output will go high and remain high until the selected 
count register is reloaded with the mode or a new count is loaded. 
The counter continues to decrement after terminal count has been 
reached . 

Rewriting a counter register during counting results in the 
following: 

(1) Write 1st byte stops the current counting. 

(2) Write 2nd byte starts the new count. 

MODE 1: Programmable One Shot. 

The output will go low on the count following the rising edge of the 
gate input. 

The output will go high on the terminal count. If a new count value 
is loaded while the output is low it will not affect the duration of 
the one-shot pulse until the succeeding trigger. The current count 
can be read at any time without affecting the one-shot pulse. 

The one-shot is retriggerable , hence the output v?ill remain low for 
the full count after any rising edge of the gate input. 

MODE 2: Rate Generator 

Divide by N counter. The output will be low for one period of the 
input clock. The period from one output pulse to the next equals the 
number of input counts in the count register. If the count register 
is reloaded between output pulses the present period will not be 
affected, but the subsequent period will reflect the new value. 

The gate input, when low, will force the output high. V7hen the gate 
input goes high, the count will start from the initial count. Thus, 
the gate input can be used to synchronize the counter. 

W^hen this mode is set, the output will remain high until after the 
count register is loaded. The output then can also be synchronized 
by software. 

MODE 3: Square Wave Rate Generator 

Similar to MODE 2 except that the output will remain high until one 
half the count has been completed (for even numbers) and go low for 
the other half of the count. 
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TECHNICAL DATA 


TMP82C53^2/F-2 


This is accompl i shed by decrementing the counter by two on the 
falling edge of each clock pulse. When the counter reaches terminal 
count, the state of the output is changed and the counter is reloaded 

with the full count and the whole process is repeated. 

If the count is odd and the output is high, the first clock pulse 

(after the count is loaded) decrements the count by 1. Subsequent 

clock pulses decrement the clock by 2. After timeout, the output 

goes low and the full count is reloaded. The first clock pulse 
(following the reload) decrements the counter by 3. Subsequent clock 
pulses decrement the count by 2 until timeout. Then the whole 

process is repeated. In this way, if the count is odd, the output 
V7ill be high for (N + l)/2 counts and low for (N - l)/2 counts. 

MODE 4: Software Triggered Strobe 

After the mode is set, the output will be high. When the count is 

loaded, the counter will begin counting. On terminal count, the 
output will go low for one input clock period, then will go high 

again. 

If the count register is reloaded between output pulses, counting 
will continue from the new value. The count will be inhibited while 
the gate input is low. Reloading the counter register will restart 
counting beginning w^ith the new number. 

MODE 5: Hardware Triggered Strobe 

The counter will start counting after the rising edge of the trigger 
input and will go low for one clock period when the terminal count is 
reached. The counter is re triggerable. The output will not go low 
until the full count after the rising edge of any trigger. 


1 

Status 

1 

1 





1 Lov 7 or Going Low 

! Rising 


High 1 


Modes 

1 

1 




0 

1 Disables counting 

1 

Enable 

counting 1 


1 

1 

1(1) Initiates count- 


1 



1 

1 ing 





1 

!(2) Resets output 





1 

1 after next clock 




2 

id) Disables count- 

1(1) Reloads counter 





1 ing 

1(2) Initiates count- 

! Enable 

counting 1 



1(2) Sets output im- 

1 ing 

1 




1 mediately High 

1 

1 



3 

!(1) Disables count- 

1 





1 ing 

1 Initiates counting 

1 Enable 

counting | 



1(2) Sets output im- 

1 

1 




1 mediately High 

1 

1 



4 

1 Disables counting 

1 

1 Enable 

counting 1 


5 

1 

1 Initiates counting 

1 

I 


Figure 1. Gate Pin Operations 
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MODE 0: Interrupt on Terminal Count MODE 3: Square Wave Generator 


CLCCI. 


•r. 


I 


C' u: I UT 
( ) - 


gate 


5 2 10 


OUTPUT 

(nciTCrffrjrr) ’ 


I A i P , 

-TT- I - ' - 1 

MODE 1: Programmable One-Shot 

CLOCK 


GATE 

(TruGGEPj- 


GATE 

dPIGGErJ- 

aTFJT - 
( n=4 ) 


U" 


<5 


clock jrmijijijTrLrmjij^^ 

^ ^ 4 24 242424 

1 _ \ 1 _I L__J“ 


oitfj: r 

( 1^4 ) -1 


4 2 02 


OUTR^ _P 

(ti=f } 


OLTPir 
( n=4 ) 

gate 

Crete:) 


_r 


4 2 4 2 4 


1 _T 


MODE 4: Software-Triggered Strobe 




r. “LIZU 


r. 


OUTPUT 

LOAD 

GATE 

OUTPUT 


4 5 2 1 0 


n I - 

4 5 2 10 


T_r 


MODE 2: Rate Generator 


MODE 5: Hardware-Triggered Strobe 


clock cLocE_njTjmjijiJiJirij^^ 


n 


Th 

c 


OUTFUT 


OUTPUT 
(n=5 ) 

ga te 

(RESET) 


4 3 2 1 0(4) 5 2 

1 0(3) L 1 0 

1- 

L_l 

~L-J 1 r* (TiMGGEFO 

4 3 2 1 0 

0(3) 5 2 1 0(5) 

OUTRJT 

2 1 0(2) 2 1 

i_j 

1—1 L—r 

1— J gate 

1 ] ) 


(TKl 


i 1 

OUTPUT _ 

4 3 4 3 2 1 0 


(n=4 ) 

lJ 


Figure 2. TMP82C53 Timing Diagrams 
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PROGRAMMING the TMP82C53 

All of the MODES for each counter are programmed by the systems 
software by simple I/O operations. 

Each counter of the TMP82C53 is individuals^ programmed by writing a 
control word into the Control Word Register. (CS=0, A0=A1=1, WR=0) 


D7 

D6 

D5 

D4 

D3 

D2 


D1 

DO' 


1 SCI 

SCO 1 RLl 

iRLOi M2 

1 Ml 

i 

MO 

BCD 1 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 

1 

1 

1 


Select Counter 0 I 0 

0 1 

1 

1 

1 

1 


1 

0 1 

Binary Counter 

Select Counter 1 I 0 

1 1 

1 

1 

1 

1 


1 

1 

(16-bits) 

Select Counter 2 I 1 

0 I 

1 

1 

1 

1 


1 

1 1 

BCD Counter 

Illegal 1 1 

1 1 

1 

1 

1 

1 


1 

1 

(4 Decades) 



1 

1 

1 

1 

1 

1 

1 

1 


1 

1 



Counter Latching Operation ! 

0 

1 0 

1 1 0 

! 0 

T 

0 

i MODE 

■O ! 

Read/Load least significant I 

0 

1 1 

1 1 0 

1 0 

T 

1 

1 MODE 

1 i 

byte only 

1 



1 1 X 

1 1 

1 

0 

1 MODE 

2 i 

Read/Load most significant | 

1 

! 0 

1 1 X 

1 1 

1 

1 

( MODE 

3 1 

byte only 

1 



1 1 1 

1 0 

T 

0 

1 MODE 

4 1 

Read/Load least significanti 



1 1 1 

1 0 

! 

1 

i MODE 

5 1 


byte 

first 

then most 

1 1 1 1 

1 

signi 

ficant 

byte 

1 1 

J 


Note. SC: Select Counter, RL: Read/Load, M: Mode, 

BCD: Binary Coded Decimal. 

Figure 3. Control Word Format 

The programmer must write out to the TMP82C53 a MODE Control Word and 
the programmed number of count register bytes (1 or 2) prior to actually 
using the selected counter. 

The actual order of the programming is quite flexible. Writing out 
of the MODE Control Word can be in any sequence of counter selection. 

The loading of the Count Register with actual count value, however, 
must be done in exactly the sequence programmed in the MODE Control Word 
(RLO, RLl). 

Counter Loading 

The count register is not loaded until the count value is written 
(one or two bytes, depending on the mode selected by the RL bits), 
followed by a rising edge and a falling edge of the clock. 

The count register must be loaded with the number of bytes programmed 
in the MODE Control Word. The one or two bytes to be loaded in the count 
register do not have to follow the associated MODE Control Word. They can 
be programmed at any time following the MODE Control Word loading as long 
as the correct number of bytes is loaded in order. 

All counterj^are down counters,. Loading all zeros will result in the 
maximum count (2 for Binary or 10 for. BCD). In MODE 0 and MODE 4, the 
new count will not restart until the load has been completed. 


- 404 - 









TOSHIBA 


INTEGRATED CIRCUIT 
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TMP82C53P-2/F-Z 


Read Operations 

The TMP82C53 contains logic that will allow the programmer to 'easily 
read the contents of any of the three counters without distrubing the 
actual count in progress. 

There are two methods that the programmer can use to read the value 
of the counters. The first method involves the use of simple I/O read 
operations. By controlling the AO, A1 inputs to the TMP82C53, the 
programmer can select the counter to be read. The only requirement with 
this method is that in order to assure a stable count reading the actual 
operation of the selected counter must be inhibited either by controlling 
the Gate input or by external logic that inhibits the clock input. 

The contents of the counter selected must be read in the sequence 
programmed in the MODE Control Word (RLO, RLl). When RLO, RLl is 11, 
First I/O Read contains the least significant byte (LSB), second I/O Read 
contains the most significant byte (MSB) , and the two bytes must be read 
before any loading WR command can be sent to the same counter. 

The second method allows the programmer to read the contents of any 
counter without effecting or distrubing the counting operation. When the 
programmer wishes to read the contents of a selected counter "On the fly", 
he loads the MODE register with a special code which latches the present 
count value into a storage register so that its contents contain an 
accurate, stable quantity. The programmer then issues a normal read 
command to the selected counter. The contents of the latched register 
must be read in the sequence programmed in the MODE Control Word (RLO, 
RLl). This commands has no effect on the counters mode. 

Program Example 


Set 

up sequence 

mi 

A, OOllOOOOB .. 

. LSB-MSB, MODE 0, Binary 

for 

counter #0 

OUT 

CWAD 

. The address of Control Word 
Register 



MVI 

A, 53H 

. LSB for counter #0 



OUT 

CNTO 

. The address of counter iFO 



MVI 

A, 82H 

. MSB for counter #0 



OUT 

CNTO 

. The address of counter #0 


READ the contents 

MVI 

A, OOOOXXXXB 





of counter #0 

OUT 

CWAD 

. Latching 

count 



IN 

CNTO 

. Read LSB 

of 

counter 



MOV 

L, A 






IN 

CNTO 

. Read MSB 

of 

counter 

#0 


MOV 

H, A 






RELOAD to 

MVI 

A, 28H 





counter ^/O 

OUT 

CNTO 

... Load 

LSB 

for 

counter #0 


MVI 

A, 53H 






OUT 

CNTO 

... Load 

MSB 

for 

counter #0 
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TECHNICAL DATA 

TIWP82C53P-2/F-2 

ABSOLUTE 

MAXIMUM RATINGS 




1 SYMBOL 

1 

1 ITEM 

1 ^ 

1 

1. 

RATING 

1 

1 -- 

1 vcc 

1 1 

1 Vcc Supply Voltage (with respect to Vss[GND])| 

1 _ ■' _ 1 

-0.5V to +7.0V 

1 

1 — 

1 VIK 

1 

1 

1 Input Voltage (with respect 

1 

1 

to Vss [GND]) 1 

1 

-0.5V to VCC+0.5V 

1 

1 -- 

1 VOUT 

I 

1 1 

1 Output Voltage (with respect to Vss [GND]) I 

1 1 - 

-0.5V to VCC+0.5V 

1 

1 

I PD 

1 

I 

1 Povcer Dissipation 

1 

i 

1 

250 mV 

1 

1 

1 Tsoi 

1 

1 1 
t Soldering Temperature (Soldering Time 10 sec)! 

1 _ - i_ 

260 °C 

1 

1 _ —^ 
1 Tstg 

1 

1 

1 Storage Temperature 

1 . - 

1 

i 

- - ... 1 

-65°C to +150°C 

1 

1 — 

1 Topr 

1 

1 Operating Temperature 

1 

-40°C to 85°C 

J 

DC CHARACTERISTICS (Ta = -40 to + 85®C 

, Vcc = 5V ± 10%, Vss(GND)=0V 



SYMBOL 

1 PARAMETER 

ITEST CONDITION 

1 MIN.1 TYP,1 MAX. i 

1 1 1 - 1 

UNIT 

VIL 

1 Input Low Voltage 

1 

i-0.5 1 

1 1 

1 0,8 1 

V 

VIH 

1 Input High Voltage 

1 

1 

1 2.2 1 

1 1 

1 Vcc ! 

1 +0.5 1 

V 

VOL 

1 Output Low Voltage 

1 IOL=2.2 mA 

1 1 

1 0.45 1 

V 

VOHl 

1 Output High Voltage 

1 IOH=-400 uA 

1 2.4 1 

j j 

V 

V0H2 

1 Output High Voltage 

1 IOH=-100 uA 

1 

1 Vcc 1 

ho.8 1 

1 1 
1 1 

V 

IIL 

1 Input Leak Current 

1 0V<VIN<Vcc 

1 1 

1 1 

1 +10 ! 

uA 

lOFL 

1 Output Leak Current 

|0.45V<VOUT<Vcc 

1 1 

1 1 

1 +10 1 

uA 

ICCl 

1 Operating Supply 

1 Current 

i CLK=5MHz 

1 VIH=Vcc-0.2V 

1 VIL=0.2V 

1 1 

1 1 

1 1 

2 1 5 1 

1 1 

mA 

1CC2 

1 Stand-by Supply 

1 Current 

1 CLK=DC 

1 VIH=Vcc“0.2V 

1 1 

1 1 

1 1 

1 10 1 

uA 


VIL=0.2V 
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AC CHARACTERISTICS 

(Ta = -A0°C to +85^C, Vcc = 5.0V+10 a, V6s(GND)=0V 



ABBR. 

PARAMETER 

T 

TEST CONDITION 

1 MIN.i TYP.1 MAX.1 

UNIT 



tAR 

Address Set-up Time 

1 



1 30 1 

^ 1 

ns 




(RD ) 

! 



1 1 

1 1 




tRA 

Address Hold Time 

1 



1 0 1 

1 1 

ns 




(RD ) 

1 



i 1 

1 1 




tRR 

RD Pulse Width 

1 

1 



1 

180 1 

1 1 

1 1 

ns 



tRD 

Valid Data ) 

T 

1 

CL = 150 

PF 

r“ 

1 

1 1 
1 lAO 1 

ns 



tDF 

_ 

Data Floating (RD ) 

1 

1 



1 1 

1 10 1 

1 1 
I 85 1 

ns 



tRV 

Recovery Time 

T 



1 250 1 

1 i 

us 



tAW 

Address Set-up Time 

T 



1 0 1 

1 1 

ns 




(WR ) 

1 



1 

1 1 




tWA 

Address Hold Time 

1 



1 30 1 

! 1 

ns 




(WR ) 

1 



1 1 

1 1 




tww 

WH Pulse Width 

1 

1 



1 1 

1 150 1 

1 ! 

1 1 

ns 



tDW 

Data Set-up time 

T 



1 100 ! 

1 1 

ns 




I (WR ) 

1 



1 1 

1 1 



r 

I 

tWD 

1 _ 

! Data Hold Time (WH ) 

1 

1 



I 1 

1 30 1 

1 1 
1 1 

ns 



tCLK 

Clock Period 

T 



1 200 1 

1 DC 1 

ns 



tPWH 

! CLK High Pulse Width 

T 



I 80 1 

^ I 

ns 



tPWL 

1 CLK Low Pulse Width 

1 



1 65 1 

1 1 

ns 



tGW 

1 GATE Width High 

T 



1 50 1 

1 i 

ns 



tGL 

CATE Width Low 

1 



1 50 1 

1 1 

ns 



tGS 

GATE Set-up Time (CLK ) 

1 



i 70 1 

1 1 

ns 



tGH 

1 GATE Hold Time (CLK ) 

1 



1 50 i 

i 1 

ns 



tOD 

1 Output Delay From(CLK ) 

1 

CL = 150 

PF . . 

1 1 

1 200 1 

ns 



tODG 

Output Delay From(GATE ) 

T 

CL = 150 

_ef_ 

1 1 

1 200 1 

ns 



Note: AC timings measurements are referenced to VIL=0.45V, VIH=2.4V, 

V0L=0.8V, V0H=2.2V. 


INPUT CAPACITANCE (Ta=25°C, Vcc=Vss(GND)=0V) 


SYMNOL 

T 

PARAMETER 

1 TEST CONDITION 

1 MIN. 

1 TYP. 

1 

MAX. 

T 
- 1 - 

UNIT 

Cl 

1 

Input Capacitance 

1 fC = 1 MHz 

1 

1 

1 

1 

10 

I 

1 

_ 1 

pF 

CI/O 

1 

1 

Input/Output 

* i Unmeasured 

1 pins, OV 

1 

1 ■ 

1 

1 

1 

1 

1 

1 

20 

1 

1 

1 


Capacitance 


- 407 - 




















TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMro2C53P-2/F-2 



— 408 — 










TOSHIBA 


INTEGRATED CIRCUIT 


TMP82C53P-2/F-2 


TECHNICAL DATA 






TOSHIBA 


INTEGRATED CIRCUIT 


TMP82C53P-2/F-2 


TECHNICAL DATA 













TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8253P-5 


PROGRAMMABLE INTERVAL TIMER 
GENERAL DESCRIPTION 

The TMP8253-5 is a programmable counter/timer chip designed for use as the 
TLCS-85A microcomputer peripheral. It is organized as 3 independent 16 bit 
counters, each operates with a count rate of up to 2.5MHz. All modes of 
operation are software programmable. 

FEATURES 

• Count Binary or BCD 

• 3 Independent 16 Bit Counters 

• Single +5V Supply 

• Count rate DC to 2.5MHz 

• 6 programmable Counter Modes 

• Compatible with Intel's 8253-5 


PIN CONNECTIONS 


3 

3 WH 
3 KD 
3 ^ 

3 A1 
3 AO 
3 CLK2 
3 OUT2 

□ OATE2 

3 CU^l 
3 OATEl 

□ OUTl 


D, C 

1 

^4 

t>t) F 

k: 

23 

D5 C 

v5 

22 

D4 C 

4 

21 

D3 c 

5 

20 

D,C 

b 

19 

Di C 

7 

16 

UcC 

8 

17 

ChKO C 

y 

lb 

UUTO C 

10 

1.‘. 

QATEO C 

11 

14 

QND C 

12 

lo 


PIN NAMES 


D? Do 

Data Bus (8 bit) 

CLK N 

Counter Clock Input 

GATE N 

Counter Gate Input 

OUT N 

Counter Output 

RD 

Read Counter 

WR 

Write Counter 


Chip Select 

Aq Aj 

Counter Select 

vec 

+5V 

GND 

Ground (OV) 


BLOCK DIAGRAM 



CLKO 
QATEO 
OUT 0 


C LK 1 
Q A T E 1 
OUT 1 


CLK2 
QATE2 
OUT 2 
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PIN NAMES AND PIN DESCRIPTION 

GND (Power Supply) 

Ground. 

Vcc (Power Supply) 

+5V during operation. 

CS (Input) 

A low on this pin enables RD and WR coimnunication between the CPU and 
the TMP8253-5. The CS input has no effect upon the actual operation of 
the counters. 

AO, Al (Input) 

These inputs acts in conjunction with the CS, WR, and RD pins. This pin 
is used to select one of the three counters to be operated on and to 
address the control word register for mode selection. 

'm (Input) 

A low on this pin when CS is low enables the TMP8253--5 to accept mode 
information or loading counters from the CPU. 

RD (Input) 

A low on this pin when CS is low enables the TMP8253-5 to release a 
counter value onto the data bus for the CPU. 

DO D7 (Input/Output) 

Bidirectional Data Bus. Mode information, the information loading 
counter or the count values are transfered via this data bus. 

CLKO CLK2 (Input) 

Clock inputs to counters. Falling edge on this pin enables the counter 
to count down. 
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GATED GATE2 (Input) 

Gate inputs to counters. The function of this pin differs by the mode 
selection of counter operation. 

OutO 0ut2 (Output) 

Outputs from the counters. The output signal from this pin differs by 
the mode selection of counter operation. 

FUNCTIONAL DESCRIPTION 
[Block Description] 


Data Bus Buffer 

This is 3-state, bi-directional, 8 bit buffer used for interfacing the 
TMP8253-5 to the system data bus. The Data Bus Buffer has three functions 
as follows. Programming the MODEs of the TMP8253-5, Loading the count 
registers, and Reading the count values. 

Read/\Jrite Logic 

The Read/Write Logic accepts inputs from the system bus and in turn 
generates control signals for overall device operation. 


cs 

RD 

WR 

Ai 

Ao 


0 

1 

0 

0 

0 

Load Counter //O 

0 

1 

0 

0 

1 

Load Counter //I 

0 

1 

0 

1 

0 

Load Counter //2 

0 

1 

0 

1 

1 

Write Mode Word 

0 

0 

1 

0 

0 

Read Counter //O 

0 

0 

1 

0 

1 

Read Counter ill 

0 

0 

1 

1 

0 

Read Counter //2 

0 

0 

1 

1 

1 

Data Bus 

is in High-impedance state 

1 

X 

X 

X 

X 

0 

1 

1 

X 

X 


TMP8253P-5 
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Control Word Register 

The Control Word Register is selected when AO, A1 are 11. It then 
accepts information from the data bus buffer and stores it in a 
register. The information stored in this register controls the 
operational MODE of each counter, selection of binary or BCD counting 
and the loading of each count register. No reading of the contents 
of the Control Word Register is available. 

Counter //O, Counter //I, Counter //2 

These three blocks are identical so only a single counter will be 
described. Each counter consists of a single, 16 bit, presettable, DOWN 
counter. The counter can operate in either binary or BCD and its input, 
gate and output are configured by the selection of MODES (Six MODES: 

MODE 0 to MODE 5) stored in the Control Word Register. Also the control 
word handles the loading of the count value so that software overhead 
can be minimized for these functions. 

The reading of the contents of each counter is available to the 
programmer with simple READ operations for event counting applications. 
Special commands and logic are included in the TMP8253-5 so that the 
contents of each counter can be read "on the fly" without having to 
inhibit the clock input. 

[MODE Definition] 

MODE 0: Interrupt on Terminal Count. 

The output will be initially low after the mode set operation. 

After the count is loaded into the selected count register, the 
output will remain low and the counter will count. When terminal 
count is reached the output will go high and remain high until the 
selected count register is reloaded with the mode or a new count 
is loaded. The counter continues to decrement after terminal 
<!ount has been reached. 

Rewriting a counter register during counting results in the 
following: 
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(1) Write 1st byte stops the current counting. 

(2) Write 2nd byte starts the new count. 

MODE 1: Programmable One Shot. 

The output will go low on the count following the rising edge of 
the gate input. 

The output will go high on the terminal count. If a new count 
value is loaded while the output is low it will not affect the 
duration of the one-shot pulse until the succeeding trigger. The 
current count can be read at any time without affecting the one-shot 
pulse. 

The one-shot is retriggerable, hence the output will remain low for 
the full count after any rising edge of the gate input. 

MODE 2: Rate Generater 

Divide by N counter. The output will be low for one period of the 
input clock. The period from one output pulse to the next equals 
the number of input counts in the count register. If the count 
register is reloaded between output pulses the present period will 
not be affected, but the subsequent period will reflect the new 
value. 

The gate input, when low, will force the output high. When the gate 
input goes high, the counter will start from the initial count. 

Thus, the gate input can be used to synchronize the counter. 

When this mode is set, the output will remain high until after the 
count register is loaded. The output then can also be synchronized 
by software. 

MODE 3: Square Wave Rate Generator. 

Similar to MODE 2 except that the output will remain high until 
one half the count has been completed (for even numbers) and go low 
for the other half of the count. 
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This is accomplished by decrementing the counter by two on the 
falling edge of each clock pulse. When the counter reaches terminal 
count, the state of the output is changed and the counter is re¬ 
loaded with the full count and the whole process is repeated. 

If the count is odd and the output is high, the first clock pulse 
(after the count is loaded) decrements the count by 1. Subsequent 
clock pulses decrement the clock by 2. After timeout, the output 
goes low and the full count is reloaded. The first clock pulse 
(following the reload) decrements the counter by 3. Subsequent 
clock pulses decrement the count by 2 until timeout. Then the whole 
process is repeated. In this way, if the count is odd, the output 
will be high for (N + l)/2 counts and low for (N - l)/2 counts. 

Software Triggered Strobe. 

After the mode Is set, the output will be high. When the count Is 
loaded, the counter will begin counting. On terminal count, the 
output will go low for one input clock period, then will go high 
again. 

If the count register is reloaded between output pulses, counting 
will continue from the new value. The count will be inhibited 
while the gate input is low. Reloading the counter register will 
restart counting beginning with the new number. 


Hardware Triggered Strobe. 

The counter will start counting after the rising edge of the 
trigger input and will go low for one clock period when the terminal 
count is reached. The counter is retriggerable. The output will 
not go low until the full count after the rising edge of any trigger. 
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^XStatus 

Modes 

Low or Going Low 

Rising 

High 

0 

Disables counting 

- 

Enables counting 

1 


(1) Initiates counting 

(2) Resets output after 
next clock 

■ 

2 

(1) Disables counting 

(2) Sets output 
immediately High 

(1) Reloads counter 

(2) Initiates counting 

Enables counting 

3 ^ 

(1) Disables counting 

(2) Sets output 
immediately High 

Initiates counting 

Enables counting 

A 

i 

Disables counting 

- 

Enables counting 

i 

5 


Initiates counting 

- 


Figure 1. Gate Pin Operations 
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MODE 0; Interrupt on Terminal Count MODE 3: Square Wave Generator 


CLOCK 

TRr, 

OUTPUT 

(INTEKKUPT) 

W 

m 

GATE 

OUTPUT 

(INTERRUPT) 




“LiiiT 

n 
1 ^ 

> 2 1 ( 

1 

1 










1—r“ 



0 4 3 2 10 


_I— 

A b I 


MODE 1; Programmable One-Short 


CLOCK 

WR" 

n 


—[uni - 


GATE 

(TRIGGER) 

OUTPUT 


4 3 2 1 0 


GATE 

(TRIGGER) 

OUTPUT 

(n-4) 


4324 3210 

"n_r 


CLOCK 


OUTPUT 
( n-4 ) 


OUTPUT 
(n = 5) 

OUT PU T 
(n=4) 

GATE 
(RES ET ) 


JlJlirnjTJTJTTL^^ 

42424a;424242 4 


_J—I_I I_I I_r 


5 4 2 

5 2 5 4 2 5 2 

5 

4 2 


] ] 1 

_r 


4 2 

4 2 4 2 

4 

2 4 




1 


MODE 4: Software-Triggered Strobe 


CLOCK 

WR 

n 

OUTPUT 

jijmruxTLnj’^^ 

nn=4| 

4 3 2 

1 0 


u 

LO A D 

n 



GATE 

- 1 


OUTPUT 

4 

3 2 10 

1 


MODE 2: Rate Generator 


MODE 5: Hardware-Triggered Strobe 


CLOCK 

WR 

n 


OUTPUT 


OUTPUT 
( n=3 ) 
GATE 
(RESET) 


.jmmrriAriJTJmnrLrir^ 

—ln^4j- 

4 3 2 1 04) 3 2 1 03) 2 1 0 


1 -j-LJ—L_r 



3 2 1 03) 2 1 0(3) 2 1 

-LJ-LJ- 


J 


CLOCK 

WRn 


in^4j - 


GATE 

(TRIGGER) 

OUTPUT 


J--- 

4 3 2 1 0 

-UJ 


GATE 

(TRIGGER ) 
OUTPUT 
( n - 4 ) 


j~Lr- 

4 3 4 3 2 1 0 

--^ 


Figure 2. TMP8253-5 Timing Diagrams 
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PROGRAMMING the TMP8253-5 

All of the MODEs for each counter are programmed by the systems software 
by simple I/O operations. 

Each counter of the TMP8253~5 is individually programmed by writing a 
control word into the Control Word Register. (CS=0, A0=A1=1, WR=0) 


D7 

D6 

D5 

DA 

D3 

D2 

D1 

DO 

SCI 

SCO 

RLl 

RLO 

M2 

Ml 

MO 

BCD 


Select Counter 0 

0 

0 

Select Counter 1 

0 

1 

Select Counter 2 

1 

0 

Illegal 

1 

1 


Counter Latching 

Operation 

0 

0 

Read/Load least signif¬ 
icant byte only 

0 

1 

Read/Load most signif¬ 
icant byte only 

1 

0 

Read/Load least signif¬ 
icant byte first then 
most significant byte 

1 

1 


0 

Binary Counter (16-bi ts) 

1 

BCD Counter(A Decodes) 


0 

0 

0 

MODE 

0 

0 

0 

1 

MODE 

1 

X 

1 

0 

MODE 

2 

X 

1 

1 

MODE 

T 

1 

0 

0 

MODE 

A 

1 

0 

1 

MODE 

5 


NOTE. SC: Select Counter, RL: Read/Load, M: Mode, 

BCD: Binary Coded Decimal. 

Figure 3. Control Word Format 

The programmer must write out to the TMP8253~5 a MODE Control Word and 
the programmed number of count register bytes (1 or 2) prior to actually 
using the selected counter. 

The actual order of the programming is quite flexible. Writing out of 
the MODE Control Word can be in any sequence of counter selection. 

The loading of the Count Register with actual count value, however, 
must be done in exactly the sequence programmed in the MODE Control Word 
(RLO, RLl) 


TMP8253P-5 
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Counter Loading 

Tlie count register is not loaded until the count value is written (one or 
two bytes, depending on the mode selected by the RL bits), followed by a rising 
edge and a falling edge of the clock. 

The count register must be loaded with the number of bytes programmed in 
the MODE Control Word. The one or two bytes to be loaded in the count register 
do not have to follow the associated MODE Control Word. They can be programmed 
at any time following the MODE Control Word loading as long as the correct 
number of bytes is loaded in order. 

All counters are down counters. Loading all zeros will result in the 
maximum count (2^^ for Binary or 10^ for BCD). In MODE 0 and MODE 4, the new 
count will not restart until the load has been completed. 

Read Operations 

The TMP8253-5 contains logic that wi]l allow the programmer to easily read 
the contents of any of the three counters without disturbing the actual count in 
progress. 

There are two methods that the programmer can use to read the value of the 
counters. The first method involves the use of simple 1/0 read operations. By 
controlling the AO, Al inputs to the TMP8253-5, the programmer can select the 
counter to be read. The only requirement with this method is that in order to 
assure a stable count reading the actual operation of the selected counter must 
be inhibited either by controlling ..he Gate input or by external logic that 
inhibits the clock input. 

The contents of the counter selected must be read in the sequence programmed 
in the MODE Control Word (RLO, RLl). When RLO, RLl is 11. First I/O Read con¬ 
tains the least significant byte (LSB), second I/O Read contains the most sig¬ 
nificant byte (MSB), and the two bytes must be read before any loading WR 
command can be sent to the same counter. 

The second method allows the programmer to read the contents of any 
counter without effecting or disturbing the counting operation. When the 
programmer wishes to read the contents of a selected counter "On the fly", 
he loads the MODE register with a special code which latches the present 
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count value into a storage register so that its contents contain an 
accurate, stable quantity. The programmer then issues a normal read 
command to the selected counter. The contents of the latched register 
must be read in the sequence programmed in the MODE Control Word (RLO, 
RLl). This commands has no effect on the counters mode. 


Program Example 

Set up sequence 
for counter //O 


READ the contents 
of counter //O 


RELOAD to 
counter //O 


MVI 

A, 

OOllOOOB . 

OUT 

CWAD 

MVI 

A, 

53H 

OUT 

CNTO 

MVI 

A, 

82H 

OUT 

CNTO 

MVI 

A, 

OOOOXXXXB 

OUT 

CWAD 

IN 

CNTO 

MOV 

L, 

A 

IN 

CNTO 

MOV 

H, 

A 

MVI 

A, 

82H 

OUT 

CNTO 

MVI 

A, 

53H 

OUT 

CNTO 


//O, LSB-MSB, MODE 0, Binary 

The address of Control Word Register 

LSB for counter //O 

The address of counter //O 

MSB for counter //O 

The address of counter //O 

Latching count 

Read LSB of counter //O 

Read MSB of counter //O 


Load LSB for counter //O 
Load MSB for counter //O 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vcc 

Vcc Supply Voltage (with respect to GND (V35)) 

-0.5V to +7.0V 

ViN 

Input Voltage (with respect to GND (Vgs)) 

-0.5V to +7.0V 

VOUT 

Output Voltage (with respect to GND (Vss)) 

-0.5V to +7.0V 

Pd 

Power Dissipation 

IW 

Tsoi 

Soldering Temperature (Soldering Time 10 sec) 

260°C 

Tstg 

Storage Temperature 

-55°C to +150°C 

Topr 

Operating Temperature 

0°C to 70°C 


DC CHARACTERISTICS (Topr=0°C to 70°C, Vcc=5.0v±5%, GND=OV) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

ViL 

Input Low Voltage 


-0.5 


0.8 

V 

ViH 

Input High Voltage 


2.2 


Vcc 

+0.5 

V 

0 

> 

Output Low Voltage 

Iol= 2.2 mA 



0.45 

V 

VOH 

Output High Voltage 

lor-'iOO yA 

2.4 



V 

IlL 

Input Leak Current 

0£ViN<Vcc 



±10 

yA 

^OFL 

Output Leak Current 

0_<Vout1^CC 



±10 

pA 

^CC 

V^Q Supply Current 


_ 1 


140 

mA 


INPUT CAPACITANCE (Ta=25°C, Vcc=GND=OV) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

^IN 

INPUT CAPACITANCE 

f(.= l MHz 



10 

pF 

^l/O 

INPUT/OUTPUT 

CAPACITANCE 

Unmeasured pins, OV 



20 

pF 
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AC CHARACTERISTICS 

(Topr=0°C to 70“C, Vc(;=5.0V±5%, GND=OV) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

rr 

> 

Address Set up Time 
(RDT) 


30 



ns 

^RA 

Address Hold Time 
(RDt) 


5 



ns 

^RR 

RD Pulse Width 


300 



ns 

^RD 

Valid Data (RDl) 

Cl= 150 pF 



200 

ns 


Data Floating (RDt) 


25 


100 

ns 

*^RV 

Recovery Time 


1 



ys 


Address Set up Time 
(WRi) 


30 



ns 

^WA 

Address Hold Time 
(WRt) 


30 



ns 


WR Pulse Width 


300 



ns 

‘^DW 

Data Set up Time 
(WRt) 


250 



ns 

tWD 

Data Hold Time (WRt) 


30 



ns 

^CLK 

Clock Period 


380 


DC 

ns 

*^PWH 

CLK High Pulse Width 


1 

230 



ns 

tpWL 

CLK Low Pulse Width 


i 150 



ns 

^GW 

GATE Width High 


150 



ns 

^GL 

GATE Width Low 


100 



ns 

^GS 

GATE Set up Time 
(CLKt) 


100 



ns 

^GH 

GATE Hold Time(CLKt) 


50 



ns 

^OD 

Output Delay From 
(CLK|) 

Cl= 150 pF 



400 

ns 

^ODG 

Output Delay From 
(GATED 

Cl= 150 pF 



300 

ns 


NOTE: AC timings measured at Voh“2.2V, VoL=0"8V 


— 423 — 





TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 







__ INTEGRATED CIRCUIT 


TOSHIBA 


TECHNICAL DATA 

TMP8253P-5 















TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8253P-5 


- 426 - 





TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C55AP-5/AF-5/AP'2/AF-2/AP-10/AF-10 


OIOS PROGRAMMABLE PERIPHERAL INTEFACE 
TMP82C55AP-5/TMP82C55AF-5 
TMP82C55AP-2/TMP82C55AF-2 
TMP82C55AP-10/TMP82C55AF-10 

1, General Description and Features 

The TMP82C55AP/AF (hereinafter referred to as PPI) is a CMOS high Speed 
programmable input/output interface with three 8-bit I/O ports. 24 I/O 
terminals are divided into two groups (Port A and Port B) which are 
programmable independently by control words provided by CPU. The PPI has 
three operation modes (Mode 0, 1 and 2) and is capable of versatile 

interface between CPU and peripheral devices. 

The TMP82C55AP/AF is fabricated using Toshiba's CMOS Silicon Gate 
Technology. 

(1) High Speed Version (TRD=100ns MAX: TMP82C55AP-10/AF-10) 

(2) Low power consumption 

2mA Typ. 

lOjiA Max. (@5V, Stand-by) 

(3) 5V ± 10% Single power supply 

(4) 24 programmable I/O terminals 

(5) Three operation modes (Mode 1, Mode 2, Mode 3) 

(6) Bit set/reset capability 

(7) Any 8 bits outputs of port B and C are capable of driving darlington 
transistors (Min. -1,0mA @ V0H=1.5V) 

(8) Extended operating temperature: -40*C to + 85*C 

(9) Available 40pin Standard DIP and 44pin Mini Flat Package 

Pin Connections (Top View) 


TMP82C55AP-5/AP-2/AP-10 


TMP82C55AF-5/AF-2/AF-10 


-0 ^ ^ _ _ n „ ^ 

PA3 
PA2 
PAl 
PAO 
RD 
CTS 

(OND)Vss 

A1 
AO 
PC7 
PC 6 
PC5 
PC4 
PCO 
PCI 
PC 2 
PC 3 
PBO 
PBl 
PB2 

Z < -t y 0 '_) y 5 O U 

*ICV (Pin 17 and Pin 39) must be connected 
to VCC (Pin24) or must be open. 

NC: No Connection 
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INTEGRATED CIRCUIT 

TECHNICAL DATA TMP82C55A^5/AF-5/A^2/AF■2/AP■10/AF■10 


D7-DO 


rr 

I tlDlHECTlONAL DATA 



I/O I/O I/O I/O 

PA7>FAO PC7-PC4 PC3-PC0 PB7-PB0 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C55AP-5/AF-5/A^2/AF-2/AM O/AF-10 


2. Pin names and pin functions 



Pin Name 

1 Number! 

1 of Pin 1 

Input/Output 1 Function 1 

3-state 1 1 


D7 - DO 

1 

1 

1 

8 

T 

1 

1 

1 

I/O 

3-state 

1 3-state bidirectional 8 -bit data bus. 1 

1 Used for data transfer with CPU. Also, used] 

1 for transfer of control words to PPI and I 

1 status information from PPI. 1 


PA7-PA0 

1 

1 

1 

1 

8 

T 

1 

1 

1 

1 

I/O 

3-state 

1 3-state 8 -bit I/O Port A. 1 

1 Operation mode and input/output configura- | 

1 tion are defined by software. Port A con- | 

1 tains the output latch buffer and input I 

1 latch. 1 


PB7-PB0 

1 

1 

1 

1 

1 

8 

1 

1 

1 

1 

1 

I/O 

3-state 

1 3-state 8 -bit I/O Port B. | 

1 Opepration mode and input/output configura- | 

1 tion are defined by software. Port B con- | 

1 tains the output latch buffer and input | 

1 latch. 1 


PC7-P CO 

1 

1 

1 

1 

1 

1 

1 

1 

8 

1 

1 

1 

1 

1 

1 

1 

1 

I/O 

3-state 

1 3-state 8 -bit I/O Port C. 1 

1 Operation mode and input/output configura- 1 

1 tion are defined by software. Port C can bei 

1 divided into two 4-bit ports by the mode ! 

1 control and also, used as the control signal! 

1 for Port A and Port B. In this case, 3 bits! 

! of PCO to PC2 are used for Port B and 5 bits! 

! of PC3 to PC7 for Port A. ! 


CS 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Input 

1 Chip select input. ! 

! When this terminal is at "L" level, data ! 

! transfer PPI and CPU becomes possible. At | 

! ’’H" level, the data bus is placed in the 1 

! high impedance state and control from the ! 

! processor is ignored. ! 


RD 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Input 

! Read signal . ! 

! When this terminal is at ’’L" level, data ! 

! that is input into the port is transferred ! 

1 to CPU. ! 


WR 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Input 

! Write signal . ! 

1 When this terminal is at "L” level, data I 

1 or control word is written into PPI from I 

! CPU. ! 


AO, A1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

Input 

1 Used for selecting Port A, B, C and the con-! 

1 trol registers. Normally, this terminal is ! 

! connected to low order 2 bits of the address! 

! bus. 1 


RESET 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Input 

! When this terminals is at "H" level, all 1 

! internal registers including the control 1 

! register are cleared. In addition, all ! 

1 ports (Port A, B, C) are placed in the input! 

! mode (high impedance) of mode 0 . I 


VCC 

1 

1 

i 

1 

1 1 1 

iPower Supply 1 5V 1 

1 1 i 


VSS 

1 

1 

1 

iPower Supply 1 GND 1 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TM^P82C55AP-5/AF-5/AP-2/AF-2/AP-f 0/AF 10 


3. Functional Description 

The PPI is a programmable peripheral interface with three 8 -bit ports 
(Port A, B and C) and two control registers. 24 I/O terminals are divided 
into 12-bit group A and group B. Group A consists of Port A and high 
order 4 bits of Port C 5 while Group B consists of Port B and low order 4 
bits of Port C. Each group is independently programmable by control words 
provided from CPU. There are three operation modes available for the PPI. 
In mode 0, two 8 -bit I/O ports and two 4-bit I/O ports can be programmed 
as input or output ports, respectively. In mode 1, 24 I/O terminals are 
divided into Group A and Group B. 8 bits of each group are used as input 
or outpt port and of the remaining 4 bits, 3 bits are used as handshaking 
and interrupt control signal. Mode 2 is applicable only to group A and 
the terminals are used as a bidirectional 8 -bit data bus and 5-bit control 
signal. In case of Port C being used as the output, any bits of Port C 
can be set/reset. 

There are two control registers; one is used for mode setting and the 
other for bit set/reset control. The control registers can only be 
written into. Further, when the reset input (RESET) becomes "i”, the 
control registers are reset and all I/O terminals are placed in input mode 
(high impedance status). 



A1 1 

1 

AO 

cs i 

RD 

i 

1 

WR 

1 

1 



Function 


0 1 

0 

0 i 

0 

j 

1 

T" 

Data 

bus 


Port A 


0 1 

1 

0 1 

0 

I 

1 

1 

Data 

bus 


Port B 


1 1 

0 

0 1 

0 

1 

1 

1 

Data 

bus 


Port C 


0 1 

0 

0 1 

1 

1 

0 

1 

Port 

A 

< 

Data bus 


0 1 

1 

0 i 

1 

1 

0 

1 

Port 

B 


Data bus 


‘1 1 

0 

0 1 

1 

1 

0 

1 

Port 

C 

< 

Data bus 


1 1 

1 

0 i 

1 

1 

0 

1 

Control register 

<-Data bus 


X 1 

X 

1 1 

X 

1 

X 

1 

Data 

bus 


3-state 


X 1 

X 

0 1 

1 

1 

1 

1 

Data 

bus 

y 

3-state 


1 1 

1 

0 i 

0 

1 

1 

1 

inhibition 

of combination 


Table 3.1 Basic Operation of TMF82C55A 
3.1. Mode Selection 

There are three basic modes of operation that can be selected by control 
words. 

Mode 0 - Basic I/O (Group A, Group B) 

Mode 1 - Strobe input/Strobe output (Group A, Group B) 

Mode 2 - Two-way bus (Port A only) 

Operation modes for Group A and Group B can be independently defined by 
the control word from the CPU. If DB7 is set to "1" in writing a control 
word into the PPI, on operation mode is selected, while of DB7*='*0'’, the 
set/reset function for Port C is selected. 


- 430 - 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C55AP-5/AF-5/AP-2/AF-2/AP-10/AF-10 


3.1.1 Control word to define operation mode 

Fig, 5.1 shows the control words to define 
TMP82C55A. 


operation mode of 


the 


Control Word 


1 

1 Group A 

Condtol 

1 Group 

B Control| 

D7 

1 D 6 1 D5 1 

DA 1 D3 

1 D2 I 

D1 1 DO 1 


I_ Input/output selection of 

low order A bits of Port C 
'O' = Output 
= Input 

_ Input/output selection of 

of Port B 
'O' = Output 
'1' = Input 

_ Mode selection of Group B 

•O' = Mode 0 
•1’ = Mode 1 

_ Input/output selection of 

high order 4 bits of Port C 
'O' = Output 
'1' = Input 


Input/output selection of 
of Port A 
'O' = Output 
'1' = Input 


Mode Selection Group A 
'O' = Mode 0 


1 = Designation of mode 
set flag 


D 6 D5 

0 0 = Mode 0 
0 1 = Mode 1 
1 X = Mode 2 


x: Don't care 


Fig. 3.1 Control Word for Mode Selection 


3.1.2 Port C bit 
Any bit of 8 
control word. 


set/reset control word 

bits of Port C can be set/reset by Port C bit set/reset 
Fig. 3.2 shows the Port C bit set/reset control word. 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP82C55flP-5/AF-5/AP-2/AF-2/AP-l 0/AF-l 0 


Control Word 


Bit set/reset selection 

"0" = Reset 
”1” = Set 


Bit selection 


Fig. 3.2 Control Word for Bit Set/Reset 
3,2 Operation Modes 
3.2,1 Mode 0 (Basic I/O) 

This functional configuration is used for simple input or output 
operations. No ’handshaking’ is required and data is simply written to 
or read from a specified part. Output data to the ports from CPU are 

latched out but input data from the ports are not latched. 

In Mode 0, 24 I/O terminals are divided into four groups of Port A (8 

bits), Port B (8 bits), high order 4 bits of Port C and low order 4 bits 

of Port C. Each port can be programmed to be input or output . The 

configuration of each port are determined according to the contents of 
Bit 4 (D4), 3(D3), 1(D1) and 0(D0) of the control word for mode 
selection. 

The I/O configuration of each port in Mode 0 are shown in Table 3.2. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C55AP-5/AF-5/AP-2/AF-2/AP-10/AF-10 


1 Node Settin 
1 D4 1 D3 

8 

T 

Control 
D1 1 

Word 1 
DO 1 

Port A 

1 Port C 1 
1(PC7-PC4) 1 

Port B 

1 Port C 1 
i(PC3-PC0) 1 

0 ^ 

0 

T 

0 

T 

0 1 

Out 

1 Out 1 

Out 

1 Out 1 

0 1 

0 

1 

0 

1 

1 1 

Out 

1 Out 1 

Out 

1 In 1 

0 1 

0 

1 

1 

1 

0 1 

Out 

1 Out 1 

In 

1 Out 1 

0 1 

0 

1 

1 

1 

1 1 

Out 

1 Out 1 

In 

1 I n 

0 1 

1 

1 

0 

1 

0 1 

Out 

1 Tn 1 

Out 

1 Out 1 

0 1 

1 

i 

0 

1 

1 1 

Out 

1 In 1 

Out 

1 In 1 

0 1 

1 

1 

1 

1 

0 1 

Out 

1 In 1 

In 

1 Out ! 

0 1 

1 

1 

1 

1 

1 1 

Out 

1 In 1 

In 

1 In 1 

1 1 

0 

1 

0 

1 

0 1 

In 

1 Out 1 

Out 

1 Out 1 

1 1 

0 

1 

0 

1 

0 1 

In 

1 Out 1 

Out 

1 In 1 

1 1 

0 

1 

1 

1 

0 1 

In 

1 Out 1 

In 

1 Out 1 

1 1 

0 

1 

1 

1 

1 ! 

In 

1 Out 1 

In 

1 In 1 

1 1 

1 

1 

0 

i 

0 1 

In 

1 In 1 

Out 

1 Out 1 

1 1 

1 

1 

0 

1 

1 i 

In 

1 In 1 

Out 

1 In 1 

1 i 

1 

1 

1 

1 

0 1 

In 

i In 1 

In 

1 Out 1 

1 i 

1 

1 

1 

1 

1 1 

In 

1 In 1 

In 

1 In ' ! 


Table 3»2 Port definition in Mode 0 
3.2.2 Mode 1 (Strobe l/O) 

In Mode 1, input/output of port data is performed in conjunction with the 
strobe signals or ’handshaking' signals. Port C is used to control Port 
A or Port B. 

The basic operatings in Mode 1 are as follows: 

o Mode 1 can be set for two groups of Group A and Group B. 

o Each group consist of 8-bit data port and 4-bit control/data port, 

o The 8-bit data port can be set as input or output port. 

o The control/data port is used as control or status of the 8-bit data 

port. 

(1) Wh en used as the input port in Mode 1: 
o STB (Strobe Input) 

At ”0”, input data is loaded in the internal input latch in the port. 
In this case, a control signal from CPU is not concerned and data is 
input from the port any time. This data is not read out on the data 
bus unless CPU executes an input instruction, 

o IBF (Input Buffer Full F/F Output) 

When data is loaded in the internal input latch from the port, this 
output is set to "1". IBF is set ("1") by STB input being reset and is 
reset (”0") by the rising edge of RD input, 

o INTR (Interrupt Request Output) 

Used for the interrupt process of data loaded in the internal input 
latch. When STB input is at ”0" if INTE (INTE flag) in the PPI is in 
the enabled state (’*!"), IBF is set to "1". INTR is set to "1" 
immediately after the rising edge of this STB input and reset to "0" by 
the falling edge of RD input. 

The INTE flags of Group A and Group B are controlled as follows: 
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TECHNICAL DATA 


TMP82C55AP-5/AF-5/AP-2/AF-2/AP-10/AF-l 0 


INTEA - Control by bit set/reset of PC4 
INTEB ~ Control by bit set/reset of PC2 

(2) Wh en used as the output port in Mode 1: 
o OBF (Output Buffer Full F/F Output) 

This is a flag which shows that CPU has written data into a specified 
port. OBF is set to becomes "0” at the rising edge of WR signal and is 
set to "1" at the falling edge of ACK (Acknowledge input) signal. 

o ACK (Acknowledge Input) 

ACK signal is sent to the PPl as a response from a peripheral device 
that received data from the port. 

o INTR (Interrupt Request Output) 

When a peripheral device received data from CPU, INTR is set to "1" and 
the interrupt is requested to CPU. If ACK signal is received when INTE 
flag is in the enable state, OBF is set to "I” and INTR signal becomes 
"1" immediately after the rising edge of ACK signal. Further, INTR is 
reset at the falling edge of WR signal when data is written into the 
PPI by CPU. 

The INTE flags of Group A and Group B are controlled as follows: 

INTEA “ Control by bit set/reset of PC6 
INTEB - Control by bit set/reset of PC2 



Fig. 3.3 Example of Strobe Input in Mode 1 
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TMP82CS5AP-5/AFS/AP-2/AF-2/AM O/AF-10 


M 'J ( V>0K7 A ) 



UUFa 

aCKa 

1 NTBA 
I/O 


ObFb 
AC Kb 


INTbb 



Fig. 3.4 Example of Strobe Output in Mode 1 


C'JI.TKUL, BjhiJ 
IX, Vt C2 ^2 


rc 4 . j-ct 
0 - OUTW7 
I » IbPL'T 



1M*<A 

I/O 


OOhThJL »UHL 
0-7 06 Dt l>* D3 02 Cl 


’C6 I'C-r 
0 - OUTPUT 
1 - INPUT 



STfcA 

ItfA 

INTRA 

1/0 

oWb 

AfTTp 

. TTTTTT 


POkT bC.ThOb JHIUT) 


POHT A(,b-ThUb INPUT) 
POHT blbTHOb OUTPUT) 


Fig. 3.5 Example of Port A Output, Fig. 3.6 Examaple of Port A Input, 
Port B Input in Mode 1 Port B Output in Mode 1 

3.2.3 Mode 2 (Strobed Bidirectional Bus I/O) 

In this mode, Port A is used as 8 bits bidirectional bus for data 
transfer with a peripheral device. This mode is applicable only to 
Group A, which consists of an S-bit bidirectional bus (Port A 8-bit) 
and 5-bit control signals (high order 5 bits of Port C) . The 
bidirectional bus (Port A) has both the internal input and output 
registers. When group A is set in Mode 2, Group B can be set 
independently. There are 5 control signals as follows when Group A is 
used in Mode 2. 
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INTEGRATED CIRCUIT 
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TMP82C5SAP-5/AF-5/AP-2/AF-2/AP-10/AF-10 


o OBF (Output buffer Full F/F Output) 

When CPU writes data into of Port A, OBF is set to "0" to inform a 

peripheral device that the PPI is ready to output data. However, Port 

A is kept in the floating (high impedance) state until ACK input signal 
is received. 

o ACK (Acknowledge Input) 

When ACK signal is set to ”0’*, the data of the 3-state output buffer of 

Port A is send out. If ACK signal is at "1", Port A is in the high 

impedance state. 

o STB (Strobe Input) 

When STB input is set to ”0’*, the data from peripheral devices are held 
in the input latch. When the active RD signal is input into the PPI, 

the latched input data are output on the system data bus (D7 - DO). 

o IBF (Input Buffer Full F/F Output) 

When data from peripheral devices are held in the input latch, IBF is 
set to "I". 

o INTR (Interrupt Request Output) 

INTR is the output to request the interrupt to CPU and its function is 
the same as that in Mode 1 . There are two interrupt enable flip-flop 
(INTE), INTEl corresponds to INTEA in Mode 1 output and INTE2 to INTEA 
in Mode 1 input, 

INTE 1 - Used to generate INTR signal in conjunction with OBF and 

ACK signals, and is controlled by PC6 bit set/reset. 

INTE 2 - Used to generate INTR signal in conjunction with IBF and 

STB signals, and is controlled by PC4 bit set/reset. 

Fig, 3.7 shows the operating example and the timing diagram in Mode 2. 



Fig. 3.7 Operating example in Mode 1 
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TMP82C55AP-5/AF-5/AP-2/AF-2/AP-10/AF-10 


Control Word in Mode 2 


D7 D6 D5 DA D3 D2 D1 DO 
I 1 I 1 I X I X I X |1/0|1/0|1/0| 


X = Don't care 


PC2-0 
Port B 

Group B mode 


0 = Output 
1 = Input 
0 = Output 
1 = Input 
0 = Mode 0 
1 = Mode 1 


Fig. 3.8 Control Word and Configuration in Mode 2 


Control Words 


D7 D6 D3 DA D3 D2 D1 DO 
I 1 I 1 I X I X I X I 0 I 1 |1/0 | 

I 

I 

PC2-PC0 _ I 

0 =0utput 

l=Input 


ED 

WR 



PC3| 
PA7-PA0i 
PC7 1 
PC6| 
PCAl 
PC51 


PC2-PC0I 

PB7-PB0i 


-> 

-> 


3 

<ri-> 


INTRA 


OBFA 

ACKA 

STBA 

IBFA 


I/O 


Port A ~ Mode 2 I/O 
Port B - Mode 0 Input 


Control Words 


D7 D6 D5 D4 D3 D2 D1 DO 
I 1 1 1 I X I X I X I 1 I 0 I X I 


WR 







PCS! 


PA7-PA0I 


PC7 1 


peel 


PC4i 


pcsl 


PB7-PB0i 


PCI 1 


PC2i 


PBOl 


<-/-> 





INTRA 


OBFA 

ACKA 

STBA 

IBFA 


OBFB 

ACKB 

INTRB 


Port A - Mode 2 I/O 
Port B - Mode 1 Output 


Fig. 3.9 Examples in Combination with Mode 2 and Other Mode 
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TMP82C55A^5/AF-5/A^2/AF-2/AP-10/AF-10 


3.2.4 Precautions for use in Mode 1 and 2 

When used in Mode 1 and 2, bits which are not used as control or status in 
Port C can be used as follow. 

If programmed as the input, they are accessed by normal Port C read. 

If programmed as the output, high order bits of Port C (PC ~ PC4) are 
accessed using the bit set/reset function. As to low order bits of Port C 
(PCS ~ PCO), in additions ot access by the bit set/reset function, 3 bits 
only can be accessed by normal writing. 

3.3. Reading Port C Status 

When Port C is used as the control port, that is, when Port C is used in 
Mode 1 or Mode 2, the status information of the control word can be read 
out by a normal read operation of Port C. 


Data Mode 


Mode 1 Input 


Mode 1 Output 


Mode 2 


D7 


I/O 


OBFA 


OBFA 


D6 


I/O 


INTEA 


IKTEl 


D5 


IBFA 


I/O 


IBFA 


D4 


INTEA 


I/O 


INTE2 


D3 


INTRA 


INTRA 


INTRA 


D2 


D1 I DO 


INTEB 


IBFB I INTRB 


i 


INTEB 


OBFB I INTRB 


By Group B Mode 


Table 3.3 Status Word Format of Port C 
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TECHNICAL DATA 


TMP82C55AP-5/AF-5/AP-2/AF-2/AP-10/AF-10 


6 


Absolute Maximum Ratings 


Symbol | _ I tern _ 

VCC 1 Supply Voltage 

VIN I Input Voltage 

PD I Power Dissipation 

TSOLDER 1 Soldering Temperature (10 

TSTG I Storage Temperature 

TOPR I Operating Temperature _ 


I Rating 1 Unit 

I -0.5 to 7.0 ^ ~ 

I -0.5 to Vcc +0.5 I V 

I 250 I mW 

-1-1— 

sec) I 260 I *0 

-I-I- 

I -65 to 150 I ’C 


-40 to 85 I 'C 


7. DC Electrical Characteristics 


TA = -40*C to 85’C, VCC = 5V ± 10%, VSS = OV 



SYMBOL 

1 

ITEM 

1 

TEST CONDITION 1 

MIN. 

ITYP. 1 

MAX. 

lUNIT1 


VIL 

1 

1 

Input Low Voltage 

1 

r 

1 

-0.3 

1 1 

0.8 

1 V 1 


VIH 

1 

1 

Input High Voltage 

1 

1 

1 

1 

2.2 

1 1 

VCC 

+0.5 

1 V 1 


VOL 

1 

i 

Output Low Voltage 

1 

1 

lOL = 2.5irLA 1 

i 

— 

1 1 

0.45 

1 V j 


VOHl 

i 

I 

Output High Voltage 

1 

1 

lOH = -400uA 1 

1 

2.4 

1 1 

~ 

1 V i 


V0H2 

1 

1 

Output High Voltage 

1 

1 

lOH = -lOOuA 1 

1 

VCC-0.8i - 1 

1 1 


i V 1 


ILl 

1 

1 

Input Leak Current 

1 

1 

0 < VIN < VCC i 

“ 

1 - 1 

1 1 

±10 

! UA 1 


ILO 

1 

1 

1 

Output Leak Current 
(High Impedance 
State) 

1 

1 

_L 

0 < VOUT < VCC 1 

1 


1 1 

1 1 

±10 

1 yA 1 


(Notel) 
IDAR 

1 

1 

Darlington Drive 
Current 

1 

1 

VEXT = 1.5V 1 

REXT = 1.1kQ 1 

-1.0 

1 1 

-5.0 

1 niA 1 


ICCl 

1 

1 

Operating Supply 
Current 

1 

1 

I/O cycle Time 1 
1 usee ! 

_ 

1 1 

1 2.01 

5.0 

1 mA 1 


(Note2) 

ICC2 

1 

1 

1 

Stand-by Supply 
Current 

1 

1 

1 

VIH > VCC-0.2V 1 
VIL < 0.2V 1 
CS > VCC-0.2V i 

- 

1 1 

1 1 

10 

1 yA 1 


(Notel) Applied for optional 8 I/O terminals in Port B and Port C. 
(Note2) Icc2 is not specified for TMP82C55AP-2/AF-2/AP-10/AF-10. 


8 . Capacitance 


TA = 25’C, VCC=VSS=0V 


SYMBOL 

1 

ITEM 1 TEST CONDITION 

IMIN. !TYP. iMAX. lUNIT'l 

CIN 

1 Input 

Capacitance 1 f = IMHz 

i n - 1 10 1 pF 1 

COUT 

1 Output 

Capacitance 1 (*) 

i - 1 - 1 20 1 pF 1 


(*): All terminals except that to be measured should be earthed. 


- 439 “ 


















TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TI«P82C55AP-5/AF-5/AI»-2/AF-2/AP-l 0/AF-l 0 


AAC Electrical Charactreistics 

TA =-A0°C to 85°C, VCC = 5V+107o, VSS=0V 



1 

AP-5/AF-5I 

AP-2/AF-2! 

AP ,AF 

-lol 


SYMBOL 

1 PARAMETER 

MIN. 1 

MAX. i 

MIN. 1 

MAX. 1 

MIN.IMAX.1 

UNIT 

tAR 

i _ _ 

1 Address set-up time for RD fall 

1 

0 1 

r 

1 

0 1 

r 

r 
0 1 

r 

ns 

tRA 

1 ^ __ 

1 Address hold time for RD rise 

r 

0 1 

1 

1 

0 1 

I 

1 

0 1 

1 

ns 

tRR 

TH -1 

1 RD pulse width 

p 

3001 

1 

[ 

1601 

1 

1 

150! 

1 

ns 

tRD 

1 _ 

! Delay from RD fall to decided 

1 data output 

1 

1 

1 

200 1 

1 

1 

1 

1 

140! 

1 

1 

1 

1 

lOOl 

1 

ns 

tDF 

1 _ _ _ 

1 Time from Pv-D rise to data bus 

1 floating 

1 

10 1 

1 

1 

100 1 

1 

1 

0 1 

1 

1 

401 

1 

1 

0 1 

1 

1 

40 1 

1 

ns 

tRV 

1 _ _ _ _ 

1 Time from RD or WR rise to next 

1 RD or WR fall 

1 

8501 

1 

1 

1 

1 

2001 

1 

1 

1 

1 

1501 

1 

1 

1 

ns 

tAW 

i ^ _ 

1 Address set-up time for WR fall 

1 

0 1 

i 

1 

0 1 

i 

1 

0 1 

1 

ns 

tWA 

1 _ _ 

1 Address holding time for WR 

1 rise 

i 

201 

1 

1 

1 

i 

20 1 

1 

1 

1 

1 

201 

1 

1 

1 

ns 

tww 

iHHHHHHI 

1 

3001 

1 

1 

1201 

1 

1 

120 ! 

1 

ns 

tDW 

1 ^ __ 

1 Bus data set-up time for WR 

1 rise 

1 

100 i 

1 

1 

1 

r 

100 1 

1 

1 

1 

r 

1001 

1 

1 

1 

ns 

tWD 

1 . . 

1 Bus data holding time for WR 

1 rise 

1 

301 

I 

1 

1 

1 

30 1 

1 

1 

1 

1 

30 1 

i 

1 

1 

ns 

tWB 

1 __ 

1 Delay from WR rise to decided 

1 data output 

1 

1 

1 

3501 

1 

1 

1 

1 

350] 

1 

1 

1 

1 

3501 

1 

ns 

tIR 

1 ^ _ 

1 Port data set-up time for RD 
! fall 

1 

0 1 

1 

1 

1 

1 

0 1 

1 

i 

1 

1 

0 1 

1 

1 

1 

ns 

tHR 

i _ 

1 Port data holding time for RD 
j rise 

1 

0 1 

1 

1 

1 

1 

0 1 

1 

1 

1 

1 

0 1 

1 

1 

1 

ns 

tAK 

1 _ 

1 ACK pulse width 

1 

300 1 

1 

1 

300! 

I 

1 

3001 

1 

ns 

tST 

1 _ 

1 STB pulse width 

500 1 

1 

1 

3501 

1 

1 

3501 

1 

ns 

tPS 

1 _ 

1 Port data set-up time for STB 

1 rise 

0 1 

1 

1 

1 

0 i 

1 

1 

1 

1 

0 1 

1 

1 

1 

ns 

tPH 

1 Port data holding time for STB 

1 rise 

1 

1801 

1 

1 

1 

1501 

1 

1 

1 

1 

1501 

1 

1 

1 

ns 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TIII>ll2CSS/U>'S/AF-5/AI>-2/AF-2/AI>-lll/AF-IO 


TA=-/40°C to 85°C, VCC=5V±10%, VSS=0V 


SYMBOL 


PARAMETER 


AP-5/AF-5 


MIN. 


MAX. 


AP-2/AF-2 


MIN. 


MAX. 


AP ,AF-10 


MIN. 


MAX. 


UNIT 


tAD 


Delay from ACK fall to decided 
data output _ 


300 


300 


300 


tKD 


Time from ACK rise up to port 
(Port A in Mode 2) floating 


20 


250 


20 


250 


20 


250 


tWOB 


Delay from WR rise to OBF fall 


650 


300 


300 


tSIB 


Delay from ACK fall to OBF rise 


350 


350 


350 


tRIB 


Delay from STB fall to IBF rise 


300 


300 


300 


tRIT 


Delay from RD fall to INTR fall 


400 


400 


400 


tSIT 


Delay from ACK rise to INTR 
rise 


300 


300 


300 


tAIT 


Delay from ACK rise to INTR 
rise 


350 


350 


350 


tWIT 


Delay from WR rise to INTR 
fall 


450 


450 


450 


Note 1. When the power supply is turned ON, reset pulse duration must be 
active for at least 500 ns or more. 

2. AC Measuring Point Input Voltage VIH=2.4V, VIL=0.45V 

Output Voltage VOH=2.2V, VOL=0.8V 
CL=150pF. 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP82C55AP-5/AF-5/AP-2/AF-2/AP-10/AF-l 0 



— 442 — 








TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


MuUE 1 

UL'TI-UT OHEKATION 



1 


WH \ 

k ; 


1 ^WIT 

i ' 

k.._. 

'•WOB 1 

INTh ^ 

1 



1 ' 1 

1 

juaruj - -- 

rOPT DATA A 

[- 


1 

ObK ^ 


ACh 


Fig. 4.2 


Mode 2 


MODE 2 

blDlKLCTluN OPERATiUN 



Fig. 4.3 


TMP82C55AP-5/AF-5/AP-2/AF-2/AP-10/AF-l 0 








TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C55AP-5/AF-5/AP-2/AF-2/AP-10/AF-10 













TOSHIBA 


INTEGRATED CIRCUIT 


TMP82C55AP-5/AF-5/AP-2/AF-2/AP-10/AF-10 


TECHNICAL DATA 














TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C55AP-5/AF-5/A^2/AF-^/AP■10/AF-10 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8255AP-5 


PROGRAtlMABLE PERIPHERAL INTERFACE (PPI) 

GENERAL DESCRIPTION 

TL(P8255AP-5 is the high speed programmable peripheral interface LSI, 
capable of controlling parallel input/output data. This LSI is programmable 
in several operation modes and is capable of supplying a simple interface 
between micro-processors and peripherals equipment. 

24 input/output pins are divided into three 8-bit ports and used either 
for input or output by programs. 

All signal levels are TTL compatible. 

Data transfer between the processor and TMP8255AP-5 is possible by using 
Chip Select Input (CS) and Port Address Aq, Aj. 

Data write/read operation to/from a specified port is possible by using 
Write Input (WR) or Read Input (^) . 


FEATURES 

o Compatible with INTEL's 8255A-5 
° 24 Programmable Input/Output Pins 
o Programmable Operation Modes 
o Direct Bit Set/Reset Capability 
o Single +5V Power Supply 
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TMP8255AP-5 













TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8255AP-5 


FUNCTIONAL DESCRIPTION 
I/O SIGNALS 

TMP8255A-b uses a 8-bit bidirectional data bus for data transfer to/from 
the processor. Data can be transfered between the data bus and control 
registers or between 2 output port groups (Group A and Group B), in the 
inside of TMP8255AP-5. There are 2 control registers. 

Group A consists of iiigh-order 4 bits of Port C and Port A. Group B 
consists of low-order 4 bits of Port C and Port B. 

Port A 8 data bits are used for input latch/buffer, output latch/buffer, 
or bidirectional bus, respectively. 

Port B 8 data bits are used for input buffer or output latch/buffer. 

Port C 8 data bits are used for input buffer, output latch/buffer, or 

two 4-bit control ports in combination with Port A and B. 

Operation of each port is controlled by programs. 


When two Inputs of Port Addresses 
Input, Write Input and Chip Select, 
port or control register. 


Port A selection Ai = 0 
Port B selection Ai = 0 
Port C selection Ai = 1 
Control register selection Ai = 1 


(Note: Readout operation from a control 


Ao and Ai are used together with Read 
it is possible to select a specific 

Ao = 0 
Ao = 1 
Ao - 0 
Ao = 1 

register is impossible.) 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP8255AP-5 


Read (RD) Data read operation from TMP8255AP-5 to the data bus is 

controlled by RlD signal (low active). 

Write (WR) Data write operation from the data bus to TMP8255AP-5 is 

controlled by WR* signal (low active). 

Chip Select (CS) TMP8255AP-5 is selected by ^ signal (low active). 

When CS="1", the data bus driver is in the high 
impedance state. 

Reset (RESET) When RESET="1’', all internal registers are cleared and all 

ports are in high impedance input mode. 

Data Bus The 8 -bit data bus is used for transferring data and 

(D 7 - Do) program information between the processor and TMP8255AP-5. 

PROGRAMMING 

To program the operations of TMP8255AP-5, first select the internal control 
function to be programmed by the processor. To do this, execute the write 
operation under the programming mode (Ai = Ao = RD = "1", CS = WR = "0"). 

As a result, data bus information is written into one of two control registers. 
Input/Output of respective ports and operation mode of each group (Mode 0, 

1 and 2 are available) can be selected by one of these control registers. 
Another control register is used for controlling set/reset of Port C bits. 

One of these two control registers is selected by Bit 7 of the data bus. 

When Bit 7 is "1”, an operation mode is selected, while the set/reset 
function is selected when it is " 0 ". 
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integrated circuit 


TOSHIBA 


TECHNICAL DATA 

TMP8255AP-5 


Bit 0 through 6 have different meanings depending upon a 
selected control mode. 


(a) Operation Mode Control (DB7 = "1") 
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TOSHIBA CIRCUIT 


TECHNICAL DATA 

TMP8255AP-5 


Mode 0 

24 input/output pins of 3 ports are devided into 4 groups of Port A 
(8 bits), Port B (8 bits), Port C (high order 4 bits) and Port C 
(low order 4 bits). 

Data is latched in the output port, but is not latched in the input 
port. In the data input operation, input data is placed on the data 
bus at RD = 0. The combination of input/output of these 4 groups is 
available in 16 ways. This combination is selected by the operation 
mode register of TMP8255AP-5 using Bit 0, 1, 3 and 4 of the data bus. 

Programming under Mode 0 

In the case ^ = WR = "0”, Ai = Ao = TO = "1", DB 7 = "1" and DBe = 
DB 3 = DB 2 = " 0 ", the programming is shown in the following table. 


Data Bus Bit 

Port A 

Port C 

(PC7-PC.) 

Port B 

Port C 

(PCs-PCo) 

4 

D 

1 

0 

0 

0 

0 

0 

Out 

Out 

Out 

Out 

0 

0 

0 

1 

Out 

Out 

Out 

In 

0 

0 

1 

0 

Out 

Out 

In 

Out 

0 

0 

1 

1 

Out 

Out 

In 

In 

0 

1 

0 

0 

Out 

In 

Out 

Out 

0 

1 

0 

1 

Out 

In 

Out 

In 

0 

1 

1 

0 

Out 

In 

In 

Out 

0 

1 

1 

1 

Out 

In 

In 

In 

1 

0 

0 

0 

In 1 

1 

Out 

Out 

Out 

1 

0 

1 

0 

1 

In 

Out 

Out 

In 

1 

0 ! 

1 

0 

In 

Out 

In 

Out 

1 

0 

1 i 

1 

In 

Out 

In 

In 

1 

1 1 

0 

0 

In 

In 

Out 

Out 

1 

1 1 

0 1 

1 

In 

In 

Out 

In 

1 

1 

1 

0 

In 

In 

In 

Out 

1 

1 

!_ 

1 

1 

In 

In 

In 

In 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8255AP-5 


Mode 1 

Under Mode 1, Port A and high order 5 bits of Port C are correlated to 
Group A, and Port B and low order 3 bits of Port B are correlated to Group 
B, respectively. 

Port C is used for a control signal to control input/output data of Port A 
or Port B. 

The internal enable/disable flip-flop (INTE) can be controlled by setting/ 
resetting Bit A and 2 of Port C when Ports A and B are used as the input 
ports using the bit set/reset function, and by setting/reset ting Bit 6 and 
2 when they are used as the output ports. 

When bit set/reset is ”1", the flip-flop is placed in the enable state, 
and when bit set/reset is ”0", it is placed in "he disable state. 

Data transfer between the ports and peripherals is controlled bv 3 control 
signals for input operation, and is also controlled by 3 control signals for 
output operation. Functions of individual bits of Port C are specified as 
shown in the following table. 



Control Functions 

Related Port ! 


A 

B 



PC^ 

PC2 

Input 

IBF 

PCs 

PC, 


INTR 

PCs 

PCo 


Wf 

PC7 

PCx 

Output 

A^ 

PCe 

PC2 


INTR 

PC3 

PCo 


Out of above stated control functions, those related to input are 
as follows. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8255AP-5 


° Strobe Input (STB); When STB = "0", data is loaded into the input 
latch 

o Input Buffer Full (IBF): This signal shows that data has been already 
loaded. IBF is set by STB = "0" and is reset at the rising edge of RD. 

o Interrupt Request (INTR): If INTE flag is in the enable state and IBF 
= ”1", INTR signal becomes "1" at WTQ = "1" 

INTR signal can be directly connected to INT input of the processor, 
and when data is loaded on a port, an interrupt signal is generated. 

INTR is reset when signal from the processor is received into the 
por t, 

On the other hand, control functions related to output are as follows. 

o Output Buffer Full (OBF); This is a flag showing that the processor 
has loaded data on a specific port (OBF = 0). OBF becomes "0" at the 
rising edge of WR signal and becomes "1" at the falling edge of ACK 
signal from peripherals. 

o Acknowledge (ACK): When data has been received from a TMP8255AP-5 

port, a peripheral responds to TMP825^AP-5 by transmitting an acknowledge 
signal ACK (low active). 

o Interrupt Request (INTR): This output can be used to interrupt the processor 
when a peripheral has accepted data transmitted by the processor. 

If INTE flag is in the enable state and QBF = "1", INTR signal is 
set by ACK = "1" and is reset by WR = "0". 


Mode 2 

Under mode 2, Port A is used as a bidirectional bus. Both input and 
output of Port A are latched under this mode. 
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integrated circuit 

TOSHIBA 


TECHNICAL DATA 

TMP8255AP-5 


5 bits of Port C are used for control between peripherals and TMP8255AP-5. 
Signals used for this control are as follows: 

STB, IBF, OBF and INTR: The functions of these signals are identical 
in Mode 1. 

ACK; When this signal becomes active (low), 3-state output buffer of 
Port A is enabled to transfer data to peripheral equipment. 

During other periods, the output buffer is in high impedance. 

For the selection enable/disable of INTE flip-flop. Bit 6 is used for 
output operation, and Bit A is used for input operation. Data transfer 
between the ports and peripherals is executed by designating pins of 
Port C same as in operations under Mode 1. 


Under Mode 1 and 2, Port C status and control bits can be tested when 
Port C contents are read out. All bits of Port C are not used for 
control and status functions, unspecified bits can be programmed for 
input or output as described below. 


In the case Port C has been programmed as output. Pins (PC? - PCi.) of 
Group A operate Port C by using the bit set/reset function. Pins (PC^ - 
PCo) of Group B controls write operation into Port C or read operation 
by using the bit set/reset function. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 



ABSOLUTE MAXIMUH RATING _ 

SYMBOLi PARAMETER 


Tstg Storage Temperature 

Topr Operating Temperature 

^CC Supply Voltage 

VOUT Output Voltage 

ViN Input Voltage 

Pw Power Dissipation 


RATING 


-65°C to 150°C 
0°C to 70°C 
-0,5V to 7.0V 
-0.5V to 7.0V 
-0.5V to 7.0V 
l.OW 


D.C CHARACTERISTICS (Ta=0°C to 70°C, Vcc=5V±5%, Vss=0V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 


VIL 

Input Low Voltage 


-0.5 


0.8 

V 

VIH 

Input High Voltage 


2.0 


Vcc 

V 


Output Low ( DB ) 

lOL = 2.5 raA 



0.45 

V 

VOL 

Voltage (PER) 

lOL = 1.7 mA 



0.45 

V 


Output High ( OB ) 

lOH =-AOO pA 

2.4 



V 

VOH 

Voltage (PER) 

lOH = -200 pA 

2.4 



V 

tdar 

(Note 1) 

Darlington Drive 

Current 

VeXT =1.5V, 

^EXT = 750^2 

-1.0 


-4.0 

mA 

IlL 

Input Leak Current 

OV < ViN < Vcc 



±10 

pA 

^OFL 

Output Leak Current 

(High Impedance State) 

OV < VoUT 1 Vcc 

i 


±10 

pA 

TCC 

Supply Current 




120 

mA 


CAPACITANCE (Ta=25°C, Vcc=Vss=0V) 


SYMBOL 

CIN _ 

Cl/0 


PARAMETER 
Input Capacity 
I/O Capacity 


TEST CONDITION 
fc =1 MHz 


5 









TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8255A^5 


A.C. CHARACTERISTICS (Ta=0°C to 70°C, Vcc=5Vl5%, Vss=0V) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

^AR 

Address Stable before ^ 

0 



ns 

^RA 

Address Stable after ^ 

0 



ns 


RD Pulse Width 

300 



ns 

‘^RD 

Data Valid from RD (Note 2) 



200 

ns 

tDF 

Data Float after RD 

10 


100 

ns 

^RV 

Time between READs and/or WRITES 

850 



ns 

tAW 

Address Stable before WR 

0 



ns 

tWA 

Address Stable after WR 

20 



ns 


WR Pulse Widtli 

300 



ns 

tDW 

Data Valid to WR 

100 



ns 


Data Valid after WR 

30 



ns 


WR= 1 to Output Delay (Note 2) 



350 

ns 

tiR 

Peripheral Data before RD 

0 



ns 

^HR 

Peripheral Data after RD 

0 



ns 

tAK 

ACK Pulse Width 

300 



ns 

tST 

WfE Pulse Width 

500 



ns 

tps 

Peripheral Data before Rising Edge of STB 

0 



ns 

^PH 

Peripheral Data after Rising Edge of STB 

180 



ns 

^AD 

ACK = 0 to Output (Note 2) 



300 

ns 

tRD 

ACK = 1 to Output Float 

20 

. 

250 

ns 

^WOB 

“WR = 1 to MF = 0 (Note 2) 


j 

650 

ns 

^AOB 

A^= 0 to OBF= 1 (Note 2) 



350 

ns 

^SIB 

STB = 0 to 1BF= 1 (Note 2) 



300 

ns 

tRIB 

RD= 1 to IBF = 0 (Note 2) 



300 

ns 

^RIT 

RD= 0 to INTR = 0 (Note 2) 



400 

ns 

^SIT 

^ = 1 to INTR = 1 (Note 2) 



300 

ns 

^AIT 

A^= 1 to INTR=] (Note 2) 



350 

ns 

tWTT 

WR = 0 to INTR = 0 (Note 2) 



850 

ns 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C59AP-2/AF-2 


TOSHIBA MOS TYPE DEGIIAL 
INTEGRATED CIRCUIT 

Silicon Monolithic CMOS Silicon Gate 
1MP82C59AP~2/IMP82C59/\F«2 


PROGRAMMABLE IMERRUPI CONTROLLER 
GENERAL DESCRIPTION 

Ihe TMP82C59AP-2/AI-2 (hereinafter referred to as TMP82C59A) is a programmable 
interrupt controller. It handles up to eight vectored priority interrupts for 
the CPU. It is cascadable for up to 6A vectored priority interrupts without 
additional circuitry. 


FEATURES 

o Eight Level Priority Controller, 
o Expandable to 64 Level. 

o Interrupt Modes, Interrupt Mask, Vectored Address Programmable, 
o Single +5V Power Supply. 

o 8085 a, 8086 Microcomputer System Compatible. 


PIN CONNECTIONb (TOP VIEW) 

rMP82C59AP-2 TMP82C59AF~2 


cs C 
WH C 
KD [ 
D7 C 
D6 
D5 L 
D4 C 
D3 C 

D2 C 

D1 C 

DO C 
CASO C 
CASl C 
Vsb(ond) t: 


d 5 


24, 


2^] Vcc 
?7] AO 

2c] HTta 

25] IP7 
3 IR6 
23] IR5 
22] IR4 
2J 3 IK3 
20] IR2 
]P] IRl 
IP] IRO 
17 ] I NT 

16 3 

15 ] CAS2 


n 



NC 

INT 

GP/EN 

CAS2 

NC 

1CV+ 

Vbs(OND) 

CASl 

CASO 

NC 

NC 


*) lev (Pinl7 and Pin39) must be 

connected with Vcc or must be OPEN 
NC : No Connection. 
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TECHNICAL DATA 


TMP82C59AP-2/AF-2 


PIK NAMES AND PIN DESCRIPTION 
1 Pin Name I Input/Output 1 Function 


_ 1 I Chip Se^^ct Input. A low on this pin enables 

Cb 1 Input i RD and WR co mmuni cation between t>)e CPU and 

i ! Uie 82C59A. IMA functions are independent of 

I I CS. 


_ i 1 Write Control Input. A low on this pin when CS | 

WR ! Input ! is low enables the 82C59A to accept command ! 

I I words from CPU, 1 


____ j I Read Control Input, A low on this pin when CS 1 

RD 1 Input I is low enables the 82C59A to release status I 

I 1 onto the data bus for the CPU. | 


! 1 I Bidirectional Data Bus. Command status and i 
! DO to D7 i Input/Output | interrupt-vector information is transferred via i 
i I j this bus. i 


i I I Cascade Lines. The CAS lines form a private i 

I CASO to ! Input/Output I 82C59A bus to control a multiple 82C59A ! 

i CAS2 I i structure. These pins are outputs for a master I 

I I j 82C59A and inputs for a slave 82C59A. i 

j I I---------- I 

i ! 1 Slave Program/Enable Buffer. This is a dual ! 

I __ i ! function pin. V7hen in the buffered mode it can I 

I SP/EN I Input/Output I be used as on Output to control buffer trans- ! 

i ! j ceivers (EN). When not in the buffered mode it ! 

! I i is used £s an input to designate a master I 

! i I 82C59A (SP=1) or a slave (SP=0) , I 


t I Interrupt Request Output. This pin goes high ! 

IM j Output I whenever a valid interrupt request is asserted. | 

I i It is used to interrupt the CPU. It is conect- ! 

I I ed to CPU's interrupt pin. i 

! I Interrupt Request Inputs. An interrupt request ! 

IRO to I Input 1 is executed by raising an IR input (low to ! 

IR7 I I high), and holding it high until it is acknow- I 

I i ledged (Edge Triggered Mode), or just by a high I 

I I level on a IR input (Level Triggered Mode). i 

______ I 1 Interrupt Acknowledge Input. This pin is used i 

IMA I Input I to enable 82C59A interrupt-vector data onto the ! 

I I data bus by a sequence of interrupt acknowledge I 

I 1 pulses issued by the CPU. 1 
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AO Address Line> acts in conjunction 

with the CS, WR, and RD pins. It is used by the 
82C59A to decipher various command words the CPU 
writes and status the CPU wishes to read. It 
is typically connected to the CPU AO address 
1 ine. 


+5V Power Supply 





























TECHNICAL DATA 


TMP82C59AP-2/AF-2 


ADDFLESS BUS 16 



INTERRUPT REQ,UESTS 


Fig. 1 Interface to System Bus 

Whenever interrupt request is accepted at the 8 level interrupt request input , 
the TMP82C59A, judging its mask status and priority, output interrupt si gnal 
to CPU for requesting interrupt. Then, according to response signal (INTA 
signal) from CPU or the system controller, the TKP82C59A outputs CALL command 
code and vectored address data on the data bus. CPU starts the interrupt 
service routine and the TMP82C59A stores which interrupt request has been 
serviced. At the end of the service routine, CPU resets it and informs the 
ThP82C59A of its end. 



- 466 -“ 


















integrated circuit 


TOSHIBA 

TMP82C59AP-2/AF-2 

TECHNICAL DATA 


IbVS itM COiNFlGUKA'I lOKj 

The THP62C39A consists of the following components. 

(1) Interrupt Request Register (IRk) and Inservice Register (ISR) 

(2) Priority Resolver 

(3) Interrupt Mask Register (IKR) 

(4) Data Bus Bufler 

(3) Read/Write Logic 

(6) Cascade Buffer/Comparator 

(1) Interrupt Request Register (IRR) and Inservice Register (ISR) 

Interrupt requests to the interrupt request input are processed by 2 
registers IRR and ISR. IRR holds interrupt request to the interrupt 
request input while ISR holds all interrupt levels that are being 
serviced by CPU. Contents of IRR and ISR can be read out. 

(2) Priority Resolver 

The priority resolver is the block that decides interrupt request to be 
sent to CPU by judging priority. If the interrupt mask register (IMR) 
cooresponding to the interrupt request terniinal does not sent the mask 
request, IRR sends interrupt requests to the priority resolver. 
Normally, when the interrupt reqeust level having the highest priority 
among these inte.rrrupt request is higher than the content of ISR, that 
is, the priority of the interrupt request bein g servicecd by CPU, the 
TMP82C39A sends INT signal to CPU. When INIA signal is input as a 

response from CPU, the TMP82C39A sends CALL command and vectored address 
corresponding to an interrupt request of the highest priority to CPU, and 
resetting IRR bit corresponding to the interrupt request, sets ISR bits. 
CPU processes the interrupt service, sends a command to TMP82C59A to 
accept interrupt requests of lower priority at the end of the interrupt 
service, and resets the corresponding ISR bits. The priority resolver 

has a register to assign the interrupt request input of lowest priority. 

(3) Interrupt Mask Register (IHR) 

The interrupt mask register normally acts only on IRR, and disables 
interrupt requests of the masked interrupt request input. The mask for 
high priority interrupt request input does not affect lower priority 
interrupt request. In the special mask mode, this register also acts on 
ISR and enables acceptance of lower level interrupt requests than the 
interrupt request being serviced. The content of IMR can be read out. 

(4) Data Bus Buffer 

This data bus buffer consists of 8 bit 3 state bidirectional bus buffer 
and acts as the interface with the system bus. Command word to and 
status inforination and CALL command vectored address readout from the 
TMP82C39A are transfered via this bus buffer. 

(5) Read/Write Logic 

Ihis circuit controls the functions for decoding and accepting command 
words from CPU and for feeding status information to the data bus. 
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In addition, this circuit controls operations including ICW 
(Initialization Command Word) register and OCW (Operation Set Command 
Word) register, 

CS Low level input to CS input enables RD or WR input operation. 

WR When WR input is made to low level together with CS input, command 
write to the TMP82C59A is enabled. 

RD When RD is made to low level together with CS input, readout of the 
contents of ISR, IRR and IMR and interrupt level in the poll mode on 
the data bus is enabled. 

AO AO is used together with WR and RD signals for command write or 
status readout. It acts as a read select signal for one of command 
word discrimination information or status information. It is 
normally connected to one of the address lines. 

(6) Cascade Buffer/Comparator 

This block stores the identification code as the slave and during the 
programming as the slave, compares the identification code with data on 
the 3 bit cascade line (CASO-2). When both agree, the slave interpretes 
that the slave itself is selected. In the case of the master, an 
identification signal corresponding to the accepted int errup t request 
inputs are out put for a period from the input of initial INTA signal to 
the final IMA signal (second or third signal). 

[INTERRUPT SEQUENCE] 

(i) When the T1’1P8085A is used as CPU 

(a) When one or more interrupt request become high level, IRR bits 
corresponding to that input are set. 

(b) The TMP82C59A judges the mask status and priority of these interrupt 
and outputs INT signal to CPU as necessary. 

(c) CPU outputs INTA sign al in response to INT signal. 

(d) Upon receipt of INTA signal, the TMP82C59A outputs CALL command on the 

data bus. _ 

(e) As CALL command is a 3 byte command, two INTA signals are consecutively 

sent from CPU. _ 

(f) Upon receipt of these two INTA signals, the TMP82C59A outputs the 
preprogrammed vector address corresponding to the highest priority 
interrupt request at time of (d) on the data bus. The TMP82C59A 
outputs the low-order address and then, the high-order address in 
response to the first and next INTA signals, respectively. 

Furthermore, the TMP82C59A sets ISR bit corresponding to the interrupt 
request and resets IRR bit. 

(g) The above operations complete CALL command and vector address output 
and CPU executes the interrupt service. In AEOI mode, ISR bits are 
automatically reset after CALL command is output. Otherwise, ISR bits 
are kept in the set status till EOI command is input. 
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(2) When the 8086 is used as CPU 

(a) to (c) SaTn o as (a) to (c) for the TMP8085A. 

(d) Even when If^TA signal is received, the TMP82C59A keeps the data bus in 
high impedance state. 

(e) Another INTA signal is further sent from CPU. The TMP82C59A outputs 8 
bit pointer on the data bus, and sets corresponding ISR bit and resets 
IRR bit. 

(f) The above operations complete the interrupt eye 1e . In AEOI mode, ISR 
bit are automatically reset after the final INTA signal is received. 
Otherwise, ISR bits kept in the set status till EOI command is input. 

further, if there is not interrupt request at time of step (d) of the 
above interrupt sequence, (i.e., the request was too short in 
duration), the TMP82C59A performs the same operations as those when 
interrupt request are generated at 1R7, but ISR bits are not set. 


[INTERRUPT SEQUENCE OUTPUT] 

(1) When the TMP8085A is used as CPU 
CALL command code is output on the 
data bus upon receipt of the first 
INTA signal and the low-order 
vectored address and the high-order 
vectored address on the data bus 
upon receipt of the second and third 
INTA signals, respectively. 

The vectored address A5 to A15 on 
Table 2 must be programmed in 
advance on the TMP82C59A. The 
remaining bits of the vectored 
addresses are produced by the 
TMP82C59A corresponding to interrupt 
request. 

(2) When the 8086 is uses as CPU 

When the first INTA signal is 
received, the data bus is placed in 
the high impedance state. When the 
second INTA signals is received, 8 
bit pointer is output on the data 
bus . 

The 8 bit pointers T7 to T3 shown on 
Table 3 must be programmed in 
advance on the TMP82C59A. The 
remaining bits are automatically 
produced by the TMP82C59A 
corresponding to interrupts. 


[PROGRAMMING TMP82C59A] 

The TMP82C59A accepts the following 
2 types of command words. 


For First INTA 

D7 D6 D5 D4 D3 D2 D1 DO 

i M 1 I ° I ° U I 1 I ° I 1 I 


For Second INTA 


IR 

INTERVAL=4 I 


D7 

D6 

D5 

D4 

D5 

D2 

D1 

DO 

IR7 

A7 

A6 

A5 

1 

1 

1 

0 

0 

IR6 

A7 

A6 

A5 

1 

1 

0 

0 

0 

IR5 

A7 

A6 

A5 

1 

0 

1 

0 

0 

IR4 

A7 

A6 

A 5 

1 

0 

0 

0 

0 

IR3 

A7 

A6 

A5 

0 

1 

1 

0 

0 

IR2 

A7 

A6 


0 

1 

0 

0 

0 

IRl 

A7 

A6 

A5 

0 

"oj 


0 

0 

IRO 

A7 

A6 

A5 

0 

0 i 


0 

0 


IR 

INTERVAL=8 | 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

IR7 

A7 

A6 

1 ' 

1 

1 

0 

0 

0 

IR6 

A7 

A6 

1 

1 

0 

0 

0 

0 

IR5 

A7 

A6 

I 

0 

1 

0 

0 

0 

BMI 

Q3i 

031 

1 

0 

0 

0 

0 

0 


m 

P15B 

0 

1 

I 

0 

0 

0 

E&Sl 

031 

1031 

o 

I 

0 

0 

0 

0 


la 

m 

O! 

0 

I 

0 

0 

0 


WSBM 


0 

D 

0 

0 

0 

0 


For Third INTA 

D7 D6 D5 D4 D3 D2 D1 DO 
|aI5|a14 |A13|aI2 |aII| AI0| A9 | A8^ 

Table 2 Interrupt Sequence 
Output (8085A Mode) 
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(1) Initialization Command Words (icw) 
Prior to operating the TMP82C59A it 
is necessary to program this 
command. 

(2) Operation Command Words (OCW) 

This command is for operating the 
TMP82C59A in various operating modes 
and is programmable anytime during 
the TMP82C59A is in operation. 

(1) lew 

There are A kinds of commands; 
ICWl, 1CW2, ICW3 and ICWA. 

Each of these command is not 
programmable independently. The 
initialization is made according 
to the initialization command 
sequence shown in Fig. 2. 1CW3 is 
used for cascade connection and 
ICWA is for setting a special 
mode. 

ICWl 

When AO = 0 and DA = 1, the 

initialization is interpreted as 
ICWl and the initialization of 
following 5 items is made 
independently of content of the 
command: 

[1] The interrupt mask register (IMR) 
is cleared. 

[2] The interrupt request input IR7 
becomes the lowest priority. 

[3] The special mask mode is cleared 
and IRR is assigned as the 
register for reading status 
information. 

[A] When ICA = 0, all function bits of 
ICWA are set at ”0". 

[5] The edge detection circuit of the 
interrupt request terminal is 
cleared. 

The format of ICWl is shown in 
Fig. 3. 

ICWl makes the assignment of 
vector addresses A7 to A5, assign¬ 
ment as to whether the interrupt 
request input is to be made in the 
edge trigger mode or the level 
trigger mode (LTIM), assignment of 
CALL address intervals when the 
TMP8085A is used as CPU (refer to 


For First INTA 

High Impedance 


Second im 



D7 

D6 

D5 

D4 

D3 

D2 

[dT 

DO 

IR7 

T7 

T6 

T5 

T4 

T3 

1 

1 

1 

IR6 

T7 

T6 

T5 

T4 

T3 

1 

1 

0 

IR5 

T7 

T6 

T5 

T4 

T3 

1 

0 

1 

IR4 

T7 

T6 

T5 

T4 

T3 

1 

0 

0 

IRS 

T7 

T6 

T5 

T4 

T3 

0 

1 

1 

IR2 

T7 

T6 

T5 

T4 

T3 

0 

I 

0 

IRl 

T7 

T6 

T5 

T4 

T3 

Q 

0 

1 

IRQ 

T7 

T6 

T.5 i 

T4 

T3 

0 

i 0 

0 


Table 3 Interrupt Sequence 
Output (8086 Mode) 



Fig.2 Initialization Command 
Sequence 


Table 2) (ADI), assignement as to whether the cascade connection to be 
made (SNGL) and assignment as to whether ICJWA is needed (ICA). 
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1CW2 

1CW2 assigns hiph-order vector addresses A6 to A15 when the 8085A is 
used as CPU or 3-bit pointers T3 to T7 when the 8086 is used as CPU. 
The TMP82C59A interpretes a command written with AO input made to "H" 
level after ICWl written as ICW2. The format of 1CW2 is shown in Fig, 

3. 

ICWl 

AO D7 D6 D5 DU D3 D2 D1 DO 


J 0 1 A7| A6i A5! 1 |LTIKlADl|ShGL|lC4l 


I_. ! 1 = ICW4 hEEUEU 

I 0 = KO ICW4 NEEDED 


1 = SINGLE 
0 *= CASCADE MODE 



1 = CALL 
0 = CALL 

ADDRESS INTERVAL 4 
ADDRESS IxvTERVAL 8 

1 

1 


-I 

I = LEVEL TRIGGER MODE 

0 = EDGE TRIGGER MODE 

1 

1 


-I 

A7 to A5 

of VECTOR ADDRESS 

1 


iCW2 

AO D7 D6 D5 D4 D3 D2 D1 DO 


1 1 |A15|Al4lA13lAl2|A]l 

1 I/T7I/T6I/15I/T4I/T3 

1 1 1 1 1 

lAlOl 

1 1 

1 

A9 

1 

1 A6| 

1 1 

1 


1 

l_ 

till 

1 ! 1 1 

1 

1 

1 

1 

-^1 

A15-A8 of VECTOR ADDRESS 
or T7-T3 VECTOR ADDRESS 

ICW3 

AO D7 

D6 D5 D4 D3 

D2 

D1 

DO 


ITTstT 
1 1 1 

S6l S5| S4| S3 

1 1 1 

1 S2| 

1 1 

SI 

1 sol 

1 1 



I I I I I II I > 1 i has a SLAVE. | 

I 0 = IR INPUT does not have a I 
I _slave_ I 
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ICW4 


AO D7 D6 D5 D4 D3 D2 D1 DO 


lllolololol 0 |1D2|IDl 1 IDOl 
I I i I I I I I I I 


SEAVE ID 


I I 0|l|2|3l4|5i6|7 | 

J_. l OinOlllOlllOll I CASO 

I t l OlQlllllOlOllU l ^ CASl 
I p 0 IQIQI 0 I 1 I 1 11i1 I CAS2 


I 


AO D7 ' D6 D5 D4 D3 D2 D1 DO 
I 1 j 0 1 0 I 0 ISFNMlBUFiM/SlAEOlluPMl 

i I I i I III II 


I 1 = 8066/8088 MODE 
'I 0 = 8085A MODE 


J 1 = AEOI MODE 
0 = NORMAL MODE 


_J_ 

I _ 

IiQlxl - NON BUFFERED MODE 
IiI1Q| -BUFFERED MODE/SLAVE 
I I Ii] I - BUFFERED MODE/MASTER 

I _ 


1 =- SPECIAL FULLY NESTED MODE I 
0 == FULLY NESTED MODE _ I 


Fig. 3 ICW Format 

1CW3 

This is a command required for cascade connection of plural number of 
TMP82C59AS. When SNGL = 0 in ICWl, the TMP82C59A interpretes a command 
written with AO input made at "H” level after 1CW2 as ICW3. 

[1] Master Mode 

In the master mode, the TMP82C59A specifies individually as to whether 
a slave device is added to each interrupt request input. 

If the TMP8085A is used as CPU when addition of a slave device is 
specified, the master device outputs CALL command code on the data bus 
upon receipt of the first IKTA signal and simultaneously outputs the 

slave identification code to the cascade line. _ 

The roaster device becomes high impedance at the second and third INTA 
signals, and the slave device selected by the identification code 
outputs vector address on the data bus. When the 8086 is used as CPU, 
both the master and slave devices become high impedance at the first 
INTA signal. Simula! aneous ly, the roaster device outputs tlie slave 
identification code to the cascade line. The master device also 
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becoincs hiph impedance at the second INTA sipnal and the selected slave 
device outputs a pointer on the data bus. 

When it is specified that no slave device is added, the master device 
outputs both CALL command code and vector address as a response to INIA 
signal and simultaneously outputs *'L” signal to 3 cascade lines. - This 
is the same as the identification code of the slave device connected to 
IRO and therefore, in the case of the interrupt request input without 
the slave device, added, no slave device can be added to IRO. 

Further, to specify the master slave, the SP/Ei\ terminal must be set at 
"H" level or BUF must be set at 1 and M/S at 1 by ICW4. 

[2] Slave Mode 

In the slave mode, the TMP82C59A specifies the slave identification 
code. 

The slave device compares its identification code with the 
identification code sent from the master device via the cascade line 
and if they agree, outputs ve ctor addresses on the data bus upon 
receipt of the second and third INTA signals. 

Further, to specify the slave mode, the SP/EiN terminal must be set at 
"L" level or BUF at 1 and M/S at 1 by 1CW4. The format of ICW3 is 
shown in Fig. 3. 


iCW4 

ICW4 is effective only when IC4 = 1 in ICWl. 

Although 1CW4 is effective for assignment of the special fully nested 
mode (SFNM) , assignment of the buffer mode (BUF) and in the buffer 
mode, this command makes the assignment of the master/slave (M/S), 
automatic EOI (AEOl) and CPU mode. When IC4 = 0 in ICWl, all function 
bits of 1CW4 are set at "0”. The format of ICW4 is shown in Fig. 3. 

(2) OCW 

There are 3 kinds of commands: OCWl, OCW2 and 0CV3. Any time after ICW 
is programmed, these command can be programmed to set the TMP82C59A in 
various operation modes. 

OCWl 

After ICW is set , the TMP82C59A interpretes the operation set command to 
be OCWl when AO = 1. This command is used for setting the content of the 
interrupt mask register (IMR). The OCWl format is shown in Fig. 4. 

OCW 2 

The TMP82C59A interpretes the operation set command to be OCW2 when AO = 
0, D4 - 0 and D3 *= 0. This command is used for outputting EOI L2 to LO 
are effective only in the case of specific EOI and specific rotation. 
The 0CW2 format is shown in Fig. 4. 

OCW 3 

The TMP82C59A interpretes the operation set command to be OCW3 when AO == 
0, D4 •= 0 and D3 ^ 1. This command is used for assigning the special 
mask mode, the poll mode and register for status information readout, 
that is, assigning IRR or ISR. The OCW3 format is shown in Fig. 4. 
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OCWl 

AO D7 D6 D5 D4 D3 D2 D1 DO 


I 1 I M7l M6| M5l M4| M31 M21 Ml| MOl 


OCW2 

AO D7 D6 D5 D4 D3 D2 D1 DO 


.11* INTERRUPT MASK SET I 
I 0 ^ INTERRUPl MASK RESEl t 


OCW3 


i 0 I R ’! SLiEOll 0 I 0 I L2i Lll LO| 

I I I I I I I I I I 

^ ^ ^ ^ ^ r 


I IR LEVEL TO BE ACTED UPON 


l olli2|3|4|5|6|7 | 

J 0|1|0|1|0|1|0|1 | 

ti oiiloliloliloli i 

ti OlllOlllQlllOil l 


lOlOl1 I NON SPECIFIC EOl COMMAND 
loll 111 SPECIFIC EOI COMMAND 
I 1 loll I ROTATE ON NON-SPECIFIC EOI COMMAND 
llloiol ROTATE IN AUTOMATIC EOI MODE (SET) 
lOlOlO! ROTATE IN AUTOMATIC EOI MODE (CLEAR) 

ill 111 I ROTATE ON SPECIFIC EOI COMMAND 
imiOi SET PRIORITY COMMAND 
iQl1lOi NO OPERATION 


I- EOI 

! 

|_ AUTOMATIC 
1 ROTATION 

I 

1_ SPECIFIC 
i ROTATION 


AO D7 D6 D5 DA D3 D2 D1 DO 


1 0 ! 0 IesmmIsmmI 0 I 1 1 p I rrIris I 



1 

1 

1 


_ 1 _ 


1 

1 

II 


r 

4 


1 

1 


0 

1 X I NO OPERATION 


1 

1 


1 

1 0 1 READ IR REG SET 


1 

1 

1 

1 

II 

1 

1 1 1 READ ISR REG SET 


1 

1 

1 

1 

1 

1 

J 

1 1 - 

POLL COMMAND I 


1 

1 

1 

1 

I 0 * 

NO 

POLL COMMAND 1 

1 

i 

1 0 

1 X 1 

NO OPERATION 

1 

1 

1 

1 1 

1 0 1 

RESET SPECIAL 

MASK MODE 1 

1 

1 

1 1 

1 1 1 

SET SPECIAL 

MASK MODE 1 

1 


Fig. A OCW Format 
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[EXPLANATION OF MODES AND COMMANDS] 

(1) FULLY NESTED MODE 

Unless other inodes are specified, the TMP82C59A operates in this mode. 
Under this mode, priority of the interrupt request inputs is most high’ at 
IRO and becomes low in order toward IR7. 

When INTA signal is input, vector address corresponding to an interrupt 
and request having the highest priority at the time is output together 
with CALL command code on the data bus and furthermore, corresponding ISR 
bits are kept set till EOl command is input to the TMP82C59A before CPU 
returns from the service routine or to the final leading edge of INTA 
pulse in AEOI mode. As long as these ISR bits are kept set, low priority 
interrupt requests are ignored. Priority can be changed by 0CW2. 

(2) EOI (END OF INTERRUPT) 

EOI command is used to reset ISR bits. It is necessary for CPU to output 
EOl command before returning from the service routine. 

When AEOI is set in ICW4, ISR bit are automatically reset at the leading 
edge of the final INTA pulse and it is therefore not necessary to output 
EOI command. As ISR bits are set in both the master and slave devices 
when cascade connected, it is necessary to output EOI command to to both 
master device and the slave device corresponding to the master device. 

EOI command is available in 2 kinds: non-specific EOI and specific EOI 
commands. 

When non-specific EOI command is output to the TMP82C59A, ISR bit having 
the highest priority among ISR bit is reset. However, in the special 
mask mode it is not possible to reset ISR bit that are masked by IMR by 
the non-specific EOl command, and ISR bit having the highest priority 
among the unmasked ISR bits is reset. On the other hand, it is possible 
to specify ISR bit to be reset by the specific EOI command by a program. 
EIO command is executed by 0CW2. 

(3) AEOI (AUTOMATIC EOI) MODE 

In this mode, the non-specific EOI operation is automatcally executed at 
the leading edge of the final INTA signal. 

Therefore, this mode cannot be used for multiple interruptions. In 

addition, this mode also cannot be used in the slave TMP82C59A. The 
TMP82C59A can be set in AEOI mode by setting AEOI bit in ICW4 to 1. 

(4) AUTOMATIC ROTATION 

This mode is effective in the application to give equal priority to the 
interrupt devices. 

In this mode, whenever the interrupt service ends, priority of each 
interrupt request is updated so that the serviced interrupt request is 

set at the lowest priority. Priority of interrupt request input IRn (n=0 
to 7) that has been serviced becomes the lowest priority level 7 and 

becomes high in order toward IRO and then, IR7 and next IRn+1 become the 

highest priority level 0. (Rotation Priority) 
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For instance, when the interrupt Before ROTATION (highest pririty inter- 
request 1R4 is serviced as shown rupt request 1R4 is being serviced.) 
in the figure at the right hand, 

priority of each interrupt re- IS7 1S6 IS5 1S4 1S3 1S2 ISl ISO 

quest input is updated. _ 

ISR l OlllOlllQlOlOrO l 

This mode specifies R *= 1, SL = 0 

and EOl = 1 by OCW2 at the end of _ 

service. Further, in case of Pri- | 7|6|5|4|3|2|1|0 | 
AEOl mode, when R = 1, SL = 0 ority I I 

and EOl - 0 are specified by 0CW2, I I 

the internal flip-flop is set and Lowest priority Highest priority 

the TMP82C59A operates in this 

mode.. If R = 0, SL = 0 and EOl After ROTATION (Interrupt request IR4 
“ 0 arq specified by 0CW2, this is being servied.) 
mode is cleared. 

IS7 IS6 IS5 IS4 1S3 IS2 ISl ISO 

(5) SPECIFIC ROTATION _ 

In the automatic rotation mode, ISR | 0|1|0|0|Q|Q|0|0 | 
priority of each interrupt re¬ 
quest input is updated whenever___ 

interrupt requests are serviced. Pri- | 2|l|0|7|6|5|4i3 | 
Under this mode it is possible ority 1 I 

to change priority by specifying Highest 1 iLowest 

an interrupt request input to be priority priority 

set at the lowest priority by a 

program. Priority is determined according to the rotation priority. In 
this mode, R and SL are set at 1 by OCW2 and interrupt request input that 
is to be set at lowest priority at L2 to LO is specified. Priority can 
be changed simultaneously with EOl command or independently regardless of 
EOl command . 

(6) INTERRUPT MASK 

Each interrupt request input can be masked individually by the interrupt 
mask register (IMR). Content of IMR can be specified by OCWl. 

(7) SPECIAL MASK MODE 

Normally when an interrupt service routine is being executed, lower 
priority interrupt requests than the interrupt request being serviced are 
ignored unless ISR bits are reset by EOl command. This special mode is 
used for an application in which an interrupt request of lower priority 
is approved during the service. In this mode IMR also acts as the mask 
for ISR. That is , the TMP82C59A processes an interrupt request by 
assuming that ISR bit and IRR bit corresponding to IMR bit set at "1" 
have not been set. This mode is set by setting ESSM *= 1 and SMM « 1 by 
0CW3. Further, when ESSM = 1 and SMM 0 are assigned by 0CW3, this mode 
is cleared to the normal mode. The IMR programming is made by OCWl. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TIIPS2CS<U>-2/AF-2 


(8) POLL COMMAND 

This mode is used in a state where the internal interrupt enable 
flip-flop of CPU is disabled and no interrupt is authorized. The service 
to the device is made by usinp the poll command. The poll command 
specifies P=1 in 0CW3. The mode becomes now the poll mode. When the 
read operation (RD=0, Cb=0) is made on the TMPS2C59A, the following 
output is made on the data bus: 

D7 D6 D5 D4 D3 D2 D1 DO 

I I I - I - T ~ i - |W 2 Iwi iwo i 

I I I ! I I I I I 

wo “ W2 : Binary code of highest priority interrupt request 

among interrupt requests to the interrupt request 

inputs. 

I : There is an interrupt request to CPU when 1=1. 

The TM1’82C59A interpretes RD signal as the interrupt acknowledge and when 
D7 = 1 is output, sets corresponding ISR bit. This poll mode is valid 
for a period from WR (P = 1 in 0CW3) to next RD (CS = 0). Further, an 
interrupt request to be serviced is determined at the time when the mode 
is made to the poll mode and even when a new or high priority interrupt 
request is sent betw'een WR and RD, it is not accepted. 

(9) READING STATUS 

CPU is capable of reading the, contents of 3 registers (IRR, ISR, IMR) . 
When the reading operation is made at AO = 0, the content of IRR or ISR 
can be read out. Selection of IRR and ISR is made by OCW3. When RR is 
set at 1 and RIS at 0, IRR is assigned and when RR and RIS are set at 1, 
ISR is assigned. 

This assignement is kept stored without necessity for performing at every 
reading operation. IMR is read 'when AO = 1. If the poll mode is 
specified before the reading operation, the poll command has priority. 

(10) EDGE TRIGGERD MODE/LEVEL TRIGGERD MODE 
This mode is selected by LTIM of ICWl. 

When LTIM is 0, the edge triggered mode is selected and interrupt request 
is triggered at the leading edge of the interrupt request signal and kept 
continued by holding "H" level. When LTIM is 1, the level triggered mode 
is selected and interrupt request is recognized by "H" level of the 
interrupt request signal. For both modes it is necessary to hold the 
interrupt request input at "H" level by triggering it till the fast INIA 
signal is outpu t from CPU. If the interrupt request input is at "L" 
level when INIA signal is output from CPU, the same operations as those 
when interrupt requests are generated at 1R7 are performed but ISR bits 
are not set. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C59AP-2/AF-2 


(11) SPECIAL FULLY NESTED MODE 

This mode is used to give priority to the interrupt request input for the 
slave devices when they are cascade connected. 

This mode is assigned to the master TMP82C59A when SFNM is 1 in ICW4. 
With the exception of the following 2 points, this mode is identical' to 
the fully nested mode. 

[1] Even when an interrupt request from a slave device is being serviced, 

the master device accepts a higher priority interrupt request from the 
same slave device without ignoring it. (In the fully nested mode, a 

higher priority interrupt request from the slave device that is now 
being serviced is ignored and interrupt requests from a higher priority 
slave device only are accpeted.) 

[2] When an interrupt request from a slave device is being serviced, it is 
necessary to check by a software as to whether the interrupt request is 
only one interrupt request from that slave device. 

When the service ended, after the non-specific EOI is output to that 
slave device, CPU has to check whether all ISR bits of that slave 
device are "0”. If they are all "0", that slave has no interrupt 

request being serviced and therefore, the non-specific EOI is output to 
the master device to allow acceptance of interrupt request from the 

lower priority slave devices. 

Otherwise, the non-specific EOI must not be output to the master 
device. 

(12) BUFFERED MODE 

This mode is to output an enable signal to a data bus buffer from the 

SP/EN terminal when the data bus buffer is needed for the data bus on a 

large system. Under this mode, "L" level signal is output to the SP/EN 
terminal w^henever the data bus output of the TMP82C59A is enabled. The 
assingment of this mode is made by ICW4 simultaneously with the 
assingment of the master/slave devices. 

(13) CASCADE MODE 

The TMP82C59A is able to process interrupt requests up to 64 levels by 
one master and 8 slave devices. 

The cascading is shown in Fig. 5. The master TMP82C59A selects the slave 
devices by identification codes using 3 cascade lines. INT output of 
each slave device is connected to the interrupt request inputs of the 
master device. Further, the identification codes corresponding to 
respective connections are assigned for the slave devices by ICW3. 

V?hen interrupt request are generated at the interrupt request inputs of 
the slave devices and accepted, the master devic e outputs the 
identification code to the slave device at the first INTA signal trailing 
edge to output vector address or pointer. This iden tification code is 
kept maintained to the leading edge of the final INTA signal. Normally, 
the master device outputs *’L" level signal to all cascade line. EOI 
command must be output twice; to the master and second, to the slave 
corresponding to the interrupt service. Further, an address decoder is 
required to activate to the CS input of each TMP82C59A. 
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TECHNICAL DATA 


TMP82C59AP-2/AF-2 



Fig. 5 CASCADING 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C59AP-2/AF-2 


ABSOLUTL MAXIMUM RATINGS 


SYMBOL 

1 ITEM 

1 RATING 1 

VCC 

1 VCC Supply Voltage (with respect to VSS (GND) 

! “0.5 to +7V 1 

VIN 

I Input Voltage 

1 “0.5 to->-Vcc+0.5 ! 

PD 

1 Power Dissipation 

1 250 mW 1 

Tsoi 

1 Soldering Tmeperature (Soldering Time 10 sec) 

1 260°C 1 

Ts t p 

1 Storage Temperature 

|-65°C to+150°Cl 

Topr 

i Operating Tempertature 

1 -40°C to 85°C| 


DC CHARACTERISTICS Ta=“40 to +85®C,VCC=5V+10%,Vss(GND)=0V, 
Unless otherwise noted. 


SYMBOL 

1 PARAMETER 

iTEST condition! 

MIN. 

TYP. ! 

MAX. 

jUNlT 

VIL 

I Input Low Voltage 


“0.5 

” i 

1 

0.8 

i V 

VIH 

i Input High Voltage 

1 1 

2.2 

1 ” 

“ IVCC+0.5 

i 

1 V 

VOL 

1 Output Low Voltage 

1 lOL = 2.2mA 1 

“ 

~ i 

0.45 

1 V 

VOHl 

1 Output High Voltage 

1 lOH = “400uA| 

2.4 

“ 1 

“ 

1 V 

V0H2 

1 Output High Voltage 

1 lOH = “lOOuAl 
! 1 

VCC 

“0.8 

i 

“ 

1 V 

ILI 

1 Input Leak Current 

1 0V<VIN<VCC 1 

“ 

- 1 

410 

1 uA 

ILOL 

1 Output Leak Current 

1 0.45V<VIN<VCci 

“ 

“ 1 

410 

1 uA 

ILIR 

1 Input Current 

1 (IR) 

1 VIN * OV j 

“ 

- 1 

-300 

1 uA 


1 VIN = VCC 1 

“ 

“ i 

10 

1 uA 

ICCl 

1 Operating Supply Current 

1 I/O CYCLE-lusi 
. 1 VIH==VCC“0.2V 1 

1 VIL 0.2V 1 


! 1 

1 

1 1 

5 

1 mA 

1CC2 

1 Stand-by Supply Current 

1 VIH==^VCC“0.2V 1 

1 VIL==0.2V 1 

! ! 


1 i 

I 

1 1 

10 

j uA 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C5gAP-2/AF-2 


INPUT CAPACITANCE (Ta=25°c, V^^=Vgg(GND)-OV) 


SYMBOL 

I 

PARAMEIER 

I lEST CONDITIONS 

I _ _ 

I MIN. I TYP. I 

MAX. 

i 

UNIT 

Cl 

I 

INPUT CAPACIT- 

I 

I l MHz 

I I i 

10 

1 

pF 


I 

ANCE 

i Unmeasured pins, OV 

I 

I I I 


1 


^I/O 

I 

I 

INPUT/OUTPUT 

CAPACIIANCE 

I 

I 

I 

I i I 

I I I 

20 

1 

1 

pF 


AC CHARACTERISTICS 

Ta=-40°C to +85°C,VCC=5V+10%,VSS(GND)=0V,Unless otherwise noted. 
TIMING REQUIREMENTS 


SYMBOL 

i PAREMETER 



1 

MIN. 

1 MAX. 

i 

UNIT 

TAHRL 

1 AO/CS Setup Time (RD) 



! 

0 

1 

1 

ns 

TRHAX 

1 AO/CS Hold Time (RD) 



1 

0 

I 

! 

ns 

IRLRH 

1 RD Pulse Width 



1 

160 

1 

1 

ns 

TAHWL 

1 AO/CS Setup Time (V/R ) 



1 

0 

1 

! 

ns 

IWhAX 

1 AO/^ Hold Time (WR ) 



1 

0 

1 

1 

ns 

TWLWH 

1 WR Pulse Width 



1 

120 

! 

1 

ns 

TDVWH 

i DO to D7 Setup Time (WR ) 



1 

120 

1 

1 

ns 

TWHDX 

1 DO to D7 Hold Time (WR ) 



1 

0 

! 

! 

ns 

TJLJH 

1 Interrupt Request Pulse Width 

(LOW) 


1 

100 

i 

1 

ns 

TCVIAL 

1 Cascade Setup Time (Second or 

Third 

INTA ) 

1 

40 

! 

1 

ns 

TRHRL 

1 RD to Next Command 



1 

160 

! 

1 

ns 

TWHWL 

1 WR to Next Command 



1 

190 

1 

1 

ns 

TCHCL 

1 End of Command to next Command 

(Not 

Same) 

1 

250 


1 

1 

ns 

' _ 

_ 




1 


End of INTA sequence to next INTA sequence 
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integrated circuit 

TOSHIBA 


TECHNICAL DATA 

TMP82C59AP-2/AF-2 


RESPONSL CHARACIERISTICS 


SYMBOL 

PARAMETER 

1 TEST 

1 CONDITIONS 

- 1 - -. 

MIN. 1 

1 

TYP. 1 

1 

MAX. 1 

UNIT 

TRLDV 

Valid Data Delay (RD/IM'A ) 

1 

1 

- 1 

“ 1 

1201 

ns 

TRHDZ 

Data Floating (RD/INIA ) 

1 DO to D7 

10 1 

- i 

85! 

ns 

T JHIH 

Interrupt Output Delay (IR ) 

1 CL^lOOpF 

“ 1 

- 1 

300! 

ns 

TIALCV 

Valid Cascade Delay (INTA ) 

1 INT 

- 1 

- I 

360! 

ns 

TRLEL 

Enable Active (RD/lNTA ) 

1 CL=100pF 

- 1 

- 1 

lOo! 

ns 

TRHEH 

Enable Inactive (RD/lNTA ) 

ICASO to CAS2 

- 1 

~ 1 

1501 

ns 

TAHDV 

Valid Data Delay (AO/CS) 

1 

1 CL=100pF 

_1 1 

“ 1 

- 1 

200! 

ns 

TCVDV 

1 1 

Valid Data Delay (CASO to CAS2) | ! 

- I 

- j 

200! 

ns 


AC Testing I/O Waveform 


AC Testing Load Circuit 



D.U.T 


1 

I 


lOOpF 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C59AP-2/AF-2 


TIMING WAVEFORMS 
WRITE OPERATOIN 


N 

TWLV.TJ 

/ 

TWHAX 

r. ' ^ 


TAHWL 

^ 

1 

X 



:X 


1 

TDVWH 


TWHDX 





_ 


,K_ 


READ A:n’D INIA OPERATION 


RD 

Tnta 


CS 

AO 


DO-D? 






K 


X 


TRLDV 


TAHDV 


'HI 


K 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TIIPI2C99M>-2/*F-2 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TOSHIBA MOS TYPE DEGITAL 
INTEGRATED CIRCUIT 

Silicon Monolithic N-Channel Silicon Gate MOS 
TMP8259AP 


PROGRAMMABLE INTERRUPT CONTROLLER 
GENERAL DESCRIPTION 

The TMP8259AP is a programmable interrupt controller. It handles up to 
vectored priority interrupts for the CPU. It is cascadable for up 
vectored priority interrupts without additional circuitry. 


FEATURES 

o Eight Level Priority Controller, 
o Expandable to 64 Level. 

o Interrupt Modes, Interrupt Mask, Vectored Address Programmable, 
o Single +5V Power Supply. 

o 8085A, 8086 Microcomputer System Compatible. 


PIN CONNECTIONS (TOP VIEW) 
TMP8259AP 


cs C 

WR f 

^ C 

D7 C 
D6 C 
D5 C 
D4 C 
D3 C 
D2 C 
D1 C 
DO 
CASO 
CASl 
Vss(QND) 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
dll 
C 12 

Cl3 

Cu 




280 


27] 

26] 

25] 

24] 

23] 

22 ] 

21 ] 

20 ] 

19 

18] 

17 

16] 


vcc 

AO 

INTA 
IR7 
IR6 
IRS 
IR4 
IR3 
IR2 
Ip IRl 
IRQ 
P INT 

15p CAS2 


TMP8259AP 


eight 
to 64 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMP8259AP 

TECHNICAL DATA 


PIN NAMES AND PIN DESCRIPTION 
I Pin Name I Input/Output I Function 


_ I ! Chip Select Input. A low on this pin enables 

CS I Input I RD and WR co mmuni cation between the CPU and 

I i the 8259AP. INTA functions are independent of 

1 I CS. 


_ I I Write Control Input. A low on this pin when CS 

WR I Input t is low enables the 8259AP to accept command 

I I words from CPU. 


! 1 Read Control Input. A low on this pin when CS 

RD 1 Input I is low enables the 8259AP to release status 

I I onto the data bus for the CPU. 


1 1 Bidirectional Data Bus. Command status and 

DO to D7 I Input/Output I interrupt-vector information is transferred via 
j I this bus. 


! I Cascade Lines. The CAS lines form a private 1 

CASO to I Input/Output I 8259AP bus to control a multiple 8259AP ! 

CAS2 I I structure. These pins are outputs for a master i 

1 I 8259AP and inputs for a slave 8259AP. ! 

-I--- I 

1 1 Slave Program/Enable Buffer. This is a dual i 

___ ____ I I function pin. "When in the buffered mode it can i 

SP/EN I Input/Output | be used as on Output to control buffer trans- I 

i I ceivers (EN). When not in the buffered mode it I 

I ! is used £S an input to designate a master I 

i ! 8259AP (SP=1) or a slave (SP=0). i 

-I----- 

! I Interrupt Request Output. This pin goes high I 

INT i Output I whenever a valid interrupt request is asserted. | 
i I It is used to interrupt the CPU. It is conect- I 

I I ed to CPU's interrupt pin. I 


1 I Interrupt Request Inputs. An interrupt request 

IRO to I Input I is executed by raising an IR input (low to 

IR7 I i high), and holding it high until it is acknow- 

I I ledged (Edge Triggered Mode), or just by a high 

I I level on a IR input (Level Triggered Mode). 


_ I I Interrupt Acknowledge Input. This pin is used 

INTA I Input I to enable 8259AP interrupt-vector data onto the 
i I data bus by a sequence of interrupt acknowledge 

1 I pulses issued by the CPU. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8259AP 


Pin 


Name 


Input/Output 


Function 


AO 


Input 


AO Address Line. This pin acts in conjunction 
with the CS, WR, and RD pins. It is used by the 
8259AP to decipher various command words the CPU 
writes and status the CPU wishes to read. It 
is typically connected to the CPU AO address 
line. 


vcc 

1 

.. 1 . 

1 

+5V Power Supply 

vss 

1 

1 

I 

i 

Ground 


BLOCK DIAGRAM 



INTA 

INT 


IRQ 

IRl 

IR2 

IR3 

IR4 

IR5 

IR6 

IR7 


Vcc 


V 


ss 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

1 ITEM 

1 RATING i 

VCC 

1 ■ . — ■ ■■■ .. " 

1 VCC Supply Voltage (with respect to VSS (GND) 

! . . ... __ 

1 -0.5 to +7V 1 

VIN 

1 Input Voltage 

1 -0.5 to +7V 1 

PD 

1 Power Dissipation 

1 1 w 1 

Tsoi 

! Soldering Tmeperature (Soldering Time 10 sec) 

1 260°C 1 

Tstg 

1 Storage Temperature 

|-65°C to+150°C| 

Topr 

1 Operating Tempertature 

1 0°C to 70°C 1 


DC CHARACTERISTICS Ta=0 to +70°C,Vcc=5V+10%,Vss=0V, 
Unless otherwise noted. 


SYMBOL 

PARAMETER 

ITEST condition! 

MIN. 1 

TYP. 1 

MAX. 

jUNIT 

VIL 

I Input Low Voltage 


-0.51 

- 1 

0.8 

1 V 

VIH 

1 Input High Voltage 

I I 

2.0! 

- 1 

VCC+0.5 

1 V 

VOL 

1 Output Low Voltage 

1 lOL = 2.2mA I 

- ! 

- 1 

0.45 

1 V 

VOH 

1 Output High Voltage 

1 lOH = -400uA| 

i:;' 

- 1 

- 

1 V 

VOH 

(INT) 

Output High Voltage 
(INT) 

1 lOH = -lOOuAl 

3.5| 

- 1 

- 

1 V 

1 lOH = -AOOuAl 

TaI 

- 1 

- 

1 V 

ILI 

1 Input Leak Current 

1 0V<VIN<Vcc 1 

1 

- 1 

+ 10 

1 uA 

ILOL 

1 Output Leak Current 

1 0.45V<VIN<Vcc| 

1 

- 1 

+ 10 

1 uA 

ILIR 

1 Input Current 

1 (IR) 

1 

1 VIN = OV 1 

-1 

- 1 

-300 

1 uA 


1 VIN = VCC I 

1 1 

-1 

- 1 

10 

1 uA 

ICC 

1 1 1 

1 1 

1 Operating Supply Current | 1 

1 

1 


85 

1 mA 


TMP8259AP 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 






AC CHARACTERISTICS 

Ta=O^C to +70°CjVcc=5Vjf 10%,Vss=0V,Unless otherwise noted. 
TIMING REQUIREMENTS 


SYMBOL 

I PAREMETER 



T 

MIN. 

! MAX. 

T 

UNIT 

TAHRL 

I AO/CS Setup Time (RD) 



I 

0 

I 

1 

ns 

TRHAX 

I AO/CS Hold Time (^) 



I 

0 

1 

1 

ns 

TRLRH 

I RD Pulse Width 



I 

235 

i 

1 

ns 

TAHWL 

I AO/CS Setup Time (WR ) 



I 

0 

1 

1 

ns 

TWHAX 

i AO/CS Hold Time (m ) 



I 

0 

1 

1 

ns 

TWLWH 

I WR Pulse Width 



I 

290 

1 

1 

ns 

TDVWH 

i DO to D7 Setup Time (WR ) 



I 

240 

1 

1 

ns 

TWHDX 

I DO to D7 Hold Time (WR ) 



I 

0 

1 

1 

ns 

TJLJH 

! Interrupt Request Pulse Width 

(LOW) 


I 

100 

i 

1 

ns 

TCVIAL 

I Cascade Setup Time (Second or 

Third 

INTA ) 

I 

55 

1 

1 

ns 

TRHRL 

I RD to Next Command 



I 

160 

I 

1 

ns 

TWHWL 

I WR to Next Command 



I 

190 

1 


ns 


I End of Command to next Command 

(Not 

Same) 

I 



1 


TPUPT 





c nA 


1 


X v/rlv/ij 


— 



OUU 


1 

ns 


End of INTA sequence to next INTA sequence 


*Worst case timing for TCHCL in an actual microprocessor system is typically 
much greater than 500 ns (i.e. 8085A *= 1.6us, 8085A-2 = lus, 8086 = lus, 
8086-2 = 625 ns) 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82S9AP 


RESPONSE CHARACTERISTICS 


SYMBOL 

PARAMETER 

1 TEST 

1 CONDITIONS 

MIN.ITYP. 

MAX. 1 

UNIT 

TRLDV 

Valid Data Delay (RD/INTA ) 


- 1 - 
1 

2001 

ns 

TRHDZ 

Data Floating (RD/INTA ) 

1 DO to D7 

1 

10 1 - 
1 

100 1 

ns 

TJHIH 

Interrupt Output Delay (IR ) 

1 CL=100pF 

— 1 
- 1 - 

1 

3501 

ns 

TIALCV 

Valid Cascade Delay (INTA ) 

1 INT 

—. 1 . 

1 - 1 - 

1 1 _ 

5651 

ns 

TRLEL 

Enable Active (RD/INTA ) 

1 CL=100pF 

1 1 

1 - 1 - 
1 1 

1251 

ns 

TRHEH 

Enable Inactive (RD/lNTA ) 

ICASO to CAS2! 


1501 

ns 

TAHDV 

Valid Data Delay (AO/'CS) 

1 . 

1 CL=100pF 

_1 1 

1 - 1 - 

1 1 -. 

2001 

ns 

TCVDV 

1 

Valid Data Delay (CASO to CAS2) I 

1 ..... 1 

300! 

ns 


AC Testing I/O Waveform 


AC Testing Load Circuit 




Dl- lOOpF 
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__.INTEGRATED CIRCUIT 


TOSHIBA 


TECHNICAL DATA 

TMP8259AP 







TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8259AP 


OTHER TIMING 


RD 

Ynta 


WR 





/L 


TWHTMi 


X 


RD 

IKTA 

WR 



RD 

INTA 

WR 


/ 


TCHCL 
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TECHNICAL DATA 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C37AP-5/AF-5 


TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT 
TMP82C37AP-5/TMP82C37AF-5 
SILICON MONOLITHIC CMOS SILICON GATE 

MULTIMODE DMA CONTROLLER 


GENERAL DESCRIPTION 

The TMP82C37 AP-"5/AF”5 (hereinafter referred to as TMP82C37A) is a 
multimode direct memory access (DMA) controller. The TMP82C37A improves the 
system function by directly transferring information between the system memory 
and external devices. Memory-to-Memory data transfer capability is also 
provided . 

The TMP82C37A is provided with versatile programmable control functions 
in order to improve data throughput. 

The TMP82C37A is used with an 8-bit address register connected 
externally. The TMP82C37A has four built-in independent channels and it is 
possible to expand channels through cascade connection. 

There are three basic data transfer modes which are programmable by the 
user. Each channel is pro gram mable individually and autoinitialization is 
possible by End of Process (EOP) signal. 

Each channel has the maximum 64K capability for both address and word 
count. EOP signal is capable of terminating data transfer between DMA and 
memories. EOP signal is useful for block search or verify or for terminating 
erroneous service. 

FEATURES 

o Four independent DMA channels available 

o Three transfer modes available; block, demand, and single transfer modes 
o Independent auto initialize function provided to each of all channels 
o Memory-to-Memory transfer 
o Address increment or decrement 

o All DMA request disabled by disabling the master system 
o Individual DMA request enable/disable control 
o Unrestricted cha nne l expansion by cascade connection 
o End of Process (EOP) input for terminating transfer 
o Software DMA Request 

o Polarity control provided for DREQ signal and DACK signal 
o Option for increasing transfer speed up to 2.5M word/sec 
o Single +5V power supply 

o Low power consumption 5 mA TYP. @5MHz ^ 
o Extend operating temperature -40 C to +85 C 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


PIN CONNECTIONS (TOP VIEW) 
TMP82C37AP-5 (DIP) 


lOR— 

!• 


40 

3— A7 

row— 

2 


39 

3—^ A6 

MEMR— 

3 


38 

3-^ A5 

memW—C 

4 


37 

3— A4 

note — 

5 


36 

3~E0P 

READY— K: 

6 


35 

IW— A3 

HLDA—C 

7 


34 

3-^A2 

ADSTB-^ 

8 


33 

>-^Al 

AEN—C 

9 


32 

3-^ AO 

HR(i—C 

10 

TMP82C37A 

31 

3-Vcc( + 

i-C 

11 


30 

3-^ DBO 

OLK-^ 

12 


29 

3~dbi 

RESET — 

13 


28 

3~DB2 

DACK2-^ 

14 


27 

3-^DB3 

DACK3 —C 

15 


26 

3-^ DB4 

DREQ,3-— C 

16 


25 

3-^ DACKO 

DREQ,2 —HI 

17 


24 

3-^ DACKl 

DREQ,1 — H: 

18 


23 

3-»^DB5 

DRECLO —HI 

19 


22 

b-^DB6 

(aND)Ves— c 

20 


21 

I1-*^D'B7 


Note) PIN 5 connected +5V or OPEN state 
PIN CONNECTIONS (TOP VIEW) 

TKP82C37AF-5(MFP) 


0 0^1 



0ACK1 

DBS 

DBG 

«C 

DB7 

ICV • 

VSS(GND) 

DREQO 

DRE01 

DRE02 

DRE03 


'^) ICV and NOTE (Pin 1, Pin 17 and Pin 39) must be connected wi 
be OPEN 

NC: No Connection 


TMP82C37AP-5/AF-5 


th Vcc or must 
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PIN NAME & FUNCTION 


o VCC 

+5V power supply 

o VSS 
Ground 

o CLK (Clock, Input) 

This input controls the internal operation and data transfer rate of 
the TMP82C37A. 

o CS (Chip Select, Input) 

This input is low active and used to select the TMP82C37A a s a n I/O_ 

device during an I/O read or I/O write by the host CPU. If lOR or lOW 
is toggled following each transfer when a host CPU and the TMP82C37A 
are transferring data mutually, CS may be kept at LOW. 

o RESET (Reset, Input) 

This input is asynchronous input to clear the command, status, request 
and temporary registers. In addition, this input is used to clear 
First/Last flip-flops and set the mask register. Following the reset, 
the TMP82C37A is placed in the idle cycle. 

o READY (Ready, Input) 

This input is used to extend the memory read and write pulses from the 
TMP82C37A in order to adapt to a slow memories or I/O peripheral 
devices. 

o HLDA (Hold Acknowledge, Input) 

By this signal, the TMP82C37A knows that the system bus control is 
turned over from CPU. 

o DREQq - DREQ^ (DMA Request, Input) 

DMA request signals are input from peripheral circuits. If priority is 
fixed, the highest priority is given to DREQq and the lowest priority 
to DREQ^. Polarity of DREQ is programmable. DREQ becomes high active 
by RESET. 

o DBq “ DB^ (Data Bus, Input/Output) 

The Data Bus lines are bidirectional three-state signals connected to 
the system data bus. During CPU is in I/O read state, output is 
enabled and contents of the registers (address, status, temporary and 
word count) are output to CPU. During CPU is in I/O write state, the 
data bus serves as input and it becomes possible to program the control 
register of the TMP82C37A. 

During the DMA cycle, the most significant 8 bits of address are 
output on the data bus and latched by ADSTB signal externally. During 
the Memory-to-Memory transfer, the data of the source memory location 
are loaded into the temporary register of the TMP82C37A by the read 
operation and the contents of the temporary register are output to the 
destination memory location by the write operation. 


-500 





TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C37AP-5/AF-5 


o lOR (l/O Read, Input/Output) 

I/O read is a bidirectional, low active and 3-state signal. During the 
idle cycle, this signal serves as an input control signal used by CPU 
to read the control registers of the TMP82C37A. During the active 

cycle, this signal serves as an output control signal used by the 

TMP82C37A to access data from the peripheral circuit during the DMA 
rea d and transfer. 

o low (l/O Write, Input/Output) 

I/O write is a bidirectional, low active, 3-state signal. During the 

idle cycle, this signal serves as an input control signal used by CPU 
to load the information to the TMP82C37A. During the active cycle, 

this signal served as an output control signal used by TMP82C37A to 
load the data to the peripheral. For wri te to the TMP82C37A by CPU, 
the leading edge of the write signal (lOW) is required for every data 
transfer. It is not pos sible to write more than two data by toggling 
CS while holding the lOW pin at low level. 

o EOP (End of Process, Input/Output) 

EOP (End of Process) is a signal relative to end of DMA service, and is 
a low active, bidirectional and open drain signal. When the chan nel 
word count reaches zero, the TMP82C37A outputs low pulse of EOP to 

peripheral devices as the end signal. _ 

In addition, it is also possible to pull EOP to the low level by 
peripheral de vice in order to cause the end of process. 

When EOP is received (internally or externally), the channel which 
is presently active terminates the service, sets that TC bit of the 
status register and resets that request bit. 

If that channel is programmed for auto initialization, that 
current register is updated from the base register. In all other 
cases, mask bit is set and the content of that register remains 

unchanged. _ 

During the Memory- t o-Me mory transfer, EOP is output when TC of 
channel 1 is produ ced . EOP is always used for channels with active 
DACK and external EOP has no connection when DACK^ - DACK^ are all 
inact ive . 

EOP is an open drain signal and therefore, requires an external 
pull-up resistor. 

o A„ - A^ (Address, Input/Output) 

The four least significant address lines are the bidirectional 3-state 
signals. In the idle cycle, these lines serve as the input signals and 
used by CPU for write/read of the control register. In the active 
cycle, they serve as the output signals and become low order 4 bits of 
output address. 

o A^ - A^ (Address, Output) 

The four most significant address lines are 3-state output signals. 
These lines are enabled for the period of DMA service only. 

o HRQ (Hold Request, Output) 

This is the hold request signal to CPU, and is used to request the 
system bus control. HRQ is output by the TMP82C37A according to a 
software request or unmasked DREQ. 
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o DACK_ - DACK^ (DMA Acknowledge, Output) 

The uMA acknowledge lines indicate that channels are active. On 
ordinary systems, these are used for selecting peripheral devices. 
Only one DACK becomes active but it does not become active unless DMA 
is controlling the system bus. Porarily of these lines are 
programmable. When reset, they become low active. 

o AEN (Address Enable, Output) 

Address Enable is a high active signal and used to enable output of the 
external latch which holds high order byte of address and to disable 
the system bus during the DMA cycle. 

During the DMA transfer, HLDA and AEN are used £o disable all I/O 
except programmed I/O. The TMP82C37A disables CS input for DMA 
transfer to prevent itself from being selected automatically. 

o ADSTB (Address Strobe, Output) 

This signal is a strobe output to an external latch circuit and is used 
to latch high order 8-bit address from DB^ - DB^. 

o MEMR (Memory Read, Output) 

This is a low active 3-state output used for transferring data from a 
memory to a peripheral device or for data accessing from a selected 
memory during the Memory-to-Memory transfer. 

o MEMW (Memory Write, Output) 

This is a low active 3-state output used for transferring data from a 
peripheral device to a memory or for writing data into a selected 
memory during the Memory-to-Memory transfer. 

OPERATIONAL DESCRIPTION 
o DMA Operation 

The TMP82C37A has two operations; idle cycle and active cycle. Each of 
these cycles consists of several states. 

On the TMP82C37A, it is possible to consider 7 states each of 
which consists of one clock cycle. State I (Sl) is an idle state. 
This is such a state as there is no valid DMA request pending. SI is a 
program condition state which is programmable by CPU. 

State 0 (SO) is the first DMA service state. This is a state that 
the TMP82C37A made a hold request to CPU but not yet received the 
acknowledge signal from CPU. When the acknowledge signal is recieved 
from CPU, the transfer is started. 

SI, S2, S3 and S4 are the DMA service state. If more time is 
required by the transfer, it is possible to insert the wait state (SW) 
before S4 by READY input to the TMP82C37A. 

In the Memory-to-Memory transfer, in order to assure complete 
transfer, read from the memory and write to the memory are required. 8 
states are necessary for one transfer. The first four states (Sll, 
S12, S13 and S14) are read from the memory and the latter four state 
(S21, S22, S23 and S24) are write to the memory. 

The temporary data register is used as an intermediate storage 
area of memory bytes. 
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o Idle cycle 

When DMA service is not requested by channels, the TMP82C37A enters 
into the idle cycle and is placed in SI state. In order to check if 
the channels request DMA service, the TMP82C37A samples DREQ for every 
clock. _ 

The TMP82C37A also samples CS to check if CPU is requesting read 
or write of internal registers. When CS is low and HLDA is also low, 
the TMP82C37A is placed in the program condition. 

At this time, CPU is able to change or check the content of any 
internal register through read or write from that register. 

Address lines A^ - A^ are inp ut signa ls and used for selecting a 
register being read or written. lOR and lOW are used for selecting 
read or write and decide read/write timing. 

The internal flip-flop is used for generating address extension 
bits according to number and size of internal registers. (First/Last 
Flip-flop) This bit is used for deciding high or low order byte of 
16-bit address and word count register. 

The flip-flop is reset by the master clear or reset. In addition, 
this flip-flop also can be reset by an independent software command. 
On a special software command, the execution in the TMP82C37A program 
condition is possible. The se commands are decoded as in the address 
setting when both CS and lOW are active. 

The data bus is not used for this command. This command is 

available in two types; clear First/Last flip-flop and master clear. 

o Active cycle 

When the TMP82C37A is in the idle cycle and the channels are requesting 
DMA service, the TMP82C37A outputs HRQ to CPU and goes into the active 
cycle. In this cycle, the DMA service for any one of 4 modes is 
executed. 

Single Transfer Mode: 

In this mode, the TMP82C37A performs a single byte transfer during each 
HRQ/HLDA handshake. When DREQ becomes active, HRQ becomes active. 
After CPU responds by driving HLDA active, a single byte transfer will 
take place. After the transfer HRQ becomes inactive, its word count is 
decreased, and address is increased or decireased. When word count 

becomes zero, a terminal signal is generated and if the channels are 
programmed, the auto initialization is made. 

To execute the single byte transfer, it is necessary to hold DREQ 
until DACK corresponding each DREQ becomes active. If DREQ is 
continuously active, HRQ becomes inactive following each transfer and 
then, becomes active again, and the new single byte is executed 
following the leading edge of HLDA. 

On the 8085 system, one machine cycle can be executed during the 
DMA transfer. 

Block Transfer Mode: 

In this mode the TMP82C37A continues the transfer until termin al count 
(TC) is generated or an external End of Process signal (EOP) is 
encountered. Here, TC is produced when the word count becomes zero. 

What is required for DREQ is to hold it in active state until DACK 
,becomes active. Auto initialization (if so programmed) is taken place 
at the end of DMA service. 
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Demand Transfer Mode: 

In thi s mode the TMP82C37A continues the transfer when TC is produced 
or EOP is input or until DREQ becomes inactive. Thus, it is- possible 
for a device, which is requesting the DMA service, to suspend the 
transfer by making DREQ inactive. The service is resumed when DREQ is 
made active again. It is possible to read an intermediate value of 
address and word count from the current address and current word count 
register of the TMP82C37A while the system bus is returned to CPU 

during execution of the DMA service. _ 

The auto initialization is taken place following TC or EOP at the 
end of DMA service. In order to perform a new DMA service following 
the auto initialization, the active edge of DREQ is necessary. 

Cascade Mode: 

This mode is used when the TMP82C37A is cascade connected for a simple 
system expansion. HRQ and HLDA of the additional TMP82C37A are 
connected to DREQ and DACK of the first TMP82C37A. DMA request to the 
TMP82C37A which is added for the purpose of system expansion is 
authorized by the priority circuit of the first TMP82C37A. 

If the priority is already decided, the additional device must 
wait till the acknowledge request. The cascade channel of the first 
TMP82C37A is used only for deciding priority of the additional 
TMP82C37A and therefore, the channel itself does not output address nor 
control signal. This is to prevent the added device from colliding 
with output of the cascade channel. On the TMP82C37A, DACK respond to 
DREQ. However all other outputs except HRQ are disabled. 

The state of cascade connection is shown in Fig. 2. In Fig. 2, 
two levels of DMA are formed. To further expand the TMP82C37A, it is 
possible to add it to the second level using the remaining channel of 
the first TMP82C37A. To further add another TMP82C37A, the third level 
can be formed by cascade connecting it to the second level. 


2nd Level 


Micro" 

processor 


1st Level 

1 

1 

1 TI*1P82C37A 

1 

HRQ DREQ i"* 

1 

HRQ 

HLDA DACK ! 

TMP82C37A I 
! 

1 HLDA 

1 

1 

DREQ 1 _ 1 

DACK ! 

i 

^ i HRQ 

1 HLDA 

1 

Initial Device 

1 

i TMP82C37A 


Additional Device 

Fig. 2 Example of Cascade Connection of TMP82C37A 


- 504 - 








TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C37AP-5/AF5 


o Transfer format 

3 different transfer format are available for 3 active transfer modes. 

They are read, write and verify. In the w rite tr ansfer, data is 
transferred from I/O dvice to memory by MEMW and lOR. In the read 
tra nsfer, data is transferred from memory to I/O device by MEMR and 

low. 

The verify transfer is a pseudo transfer. The TMP82C37A perform 
such opera tion s as address generation for read or write transfer, 
answer to EOP, etc. However, memory or I/O control line does not 
become active. 

Memory-to-Memory Transfer: 

The TMP82C37A has the ability of block movement and is capable of 
transferring data block from one memory address location to another 
location. When Bit 0 of the command register is programmed at Logic 1, 
Channel 0 and 1 operate as the Memory-to-Memory transfer channels. 
Channel 0 serves as a source address and Channel 1 as a destination 
address, and the word count of Channel 1 is used. The Memory-to-Memory 
transfer is executed when software DMA request is set for Channel 0. 

The Memory-to-Memory transfer must use the block transfer mode. 

When Channel 0 is programmed as a fixed source address, it is 
possible to write single source words into a memory block. 

When the TMP82C37A is programmed for the Memory-to-Memory 
transfer, Channel 0 and Channel 1 must be masked. The same value as 
that is set for Channel 1 must be set for the word count of Channel 0. 
During the Memory-to-Memory transfer, DACK does not become active. 

Duri ng the Memory-to-Memory transfer, the TMP82C37A respond to 

exter nal _EOP signal. In the block search, the data comparator uses 

this (EOP) input to terminate the DMA serive when match is found. The 
Memory-to-Memory transfer is shown in Timing Diagram 4. (P.23) 

Auto Initialization: 

When Bit 4 of the mode register is set to 1, the channels are set up 
for the auto initialization. During the auto initialization, data are 
loaded into the current address and current word count registers from 
the base address and base word count registers, respectively, following 
EOP. The base registers are loaded by CPU simultaneously with the 
current registers and remain unchanged during the DMA service. 

When t he channels are under the auto initialization, mask bit is 
not set by EOP. 

Following the auto initialization, that channel is prepared to 
execute the service without interposition of CPU. 

Priority: 

The TMP82C37A has two types of priority which can be selected by 
software. The first type is the fixed priority. Channel priority is 
fixed by channel number. The lowest priority is channel 3, followed by 
2, 1, and the highest priority is channel 0. 

The second type is the rotating priority. In this type, an 
accepted channels is then given with the lowest priority (See the 
following next page diagram.). 

On the rotating priority in the single chip DMA system, highest 
priority of any one channel comes after no more than three higher 
priority services have occurred. This rotating priority prevent one 
channel to occupy the system all the time. 
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1st Service 2nd Service 3rd Service 

The highest 
priority 

The lowest 
priority 

The priority judging circuit selects a channel with the highest 
priority requesting the DMA service for every active edge of HLDA 

Once the channel starts the service, that operation will not be 
suspended even when the service is demanded by another channel with 
higher priority. A channel with higher priority can get the control 
right only after a channel with lower priority relinquished HRQ. 
Whenever the control is transferred from a channel to another channel, 
CPU gets the system bus control right. This assures the leading edge 
of HLDA which is used for selecting a channel with the highest 
priority. 

Compressed Transfer Timing: 

In order to accomplish greater throughput allowed by system character¬ 
istics, the TMP82C37A is capable of compressing the transfer time to 2 
clock cycles. As can be seen from Timing Diagram 3 (P.22), State S3 is 
used to extend readout pulse access time. When State S3 is removed, 
readout pulse width becomes equal to write pulse width. Then, the 
transfer will consist of State S2 for changing address and State S4 for 
executing read/write. State SI is produced when Ag to A^^ are updated 
(refer to Address Generation). Compressed transfer timing is shown in 
Timing Diagram 5 (P.23). 

Address Generation: 

To reduce number of pins, the TMP82C37A has high order 8 bits 
multiplexed with the data bus. State SI is used to output high order 
address bits to the external latch. The trailing edge of ADSTB is used 
to load address bits from the data line on the external latch circuit. 
AEN is used to enable latch outputs from 3 states. Low order address 
bits are ditectly output by the TMP82C37A. 

Aq to A^ are connected to address bus. Timing Diagram 3 (P.22) 
show the relationship among CLK, AEN, ADSTB, DB^ to DB^ and A^ to A^. 

Addresses produced during the block and demand transfers are 
sequential. For many transfer the same address data will be held in 
the external address latch. This address data changes only when carry 
or borrow from A^ to Ag is produced in the normal sequence. To save 
time and speed, on the TOP82C37A, SI state is executed only for update 
of Ag to Aji^ requiring the latch. 


- Services 


-Service 

-Request 



Service 
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Description of Registers 


j Register Name 

1 

1 

Size 

! 

! 

Number 

1 

1 

1 Base address register 

~T 

16-bit 

1 

4 

1 

I Base word count register 

1 

16-bit 

1 

4 

1 

1 Current address register 

1 

16-bit 

1 

4 

1 

i Current word count register 

1 

16-bit 

1 

4 

i 

1 Temporary address register 

1 

16-bit 

1 

1 

1 

j Temporary word count register 

1 

16-bit 

1 

1 

1 

! Status register 

1 

8-bit 

1 

1 

1 

1 Command register 

1 

8~bit 

1 

1 

1 

I Temporary register 

1 

8-bit 

1 

1 

1 

1 Mode register 

i 

6-bit 

1 

4 

1 

1 Mask register 

1 

4-bit 

1 

1 

1 

i Request register 

1 

4-bit 

1 

1 

_i 

Fig. 3 Internal 

Registers 




Current Address Register: 






Each channel has a 16-bit current 

address register. 

This 

register 

holds addresses that are used during 

the DMA transfer. After each 

transfer, this register is automatically incremented 

or decremented. 

and intermediate address values are 

stored in 

the 

current 

address 

register during the transfer. Write or read of 

this 

register 

is made 

by CPU. An original value is 

initialized 

again by the auto 


initialization. _ 

The auto initialization is taken place only after EOF. 

Current Word Count Register: 

Each channel has a 16-bit current word count register. For this 
register, number of words that is one less than that to be tranferred 
must be programmed. The word counter is decremented after each 
transfer. Intermediate values of word count are stored in this 
register during the transfer. When the register value goes from zero 
to FFFFH, TC is produced. 

When this register is in the program condition, load or read is 
made by CPU. Following the end of DMA service, this register is 
initialized to original values again by the auto initia liz ation. 

The auto initialization is taken place only when EOF is produced. 
Be careful that the content o f th e word count register becomes FFFFH 
following internally produced EOF. 

Base Address Register, Base Word Count Register: 

Each channel has a pair of registers; the base address register and 
base word count register. These 16-bit registers store original values 
of related current registers. These registers are used to store 
original values of current registers at time of the auto 
initialization. Write to the base register is made at the same time of 
write into equivalent current registers during the programming by CPU. 
Therefore, write into the current registers which store intermediate 
values are made over these intermediate values. The base register 
cannot be read out by CPU. 
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Command Register; 

This 8-bit register controls the operation of TMP82C37A. This command 
register is programmed (clear or reset) by CPU when it is in the 
program condition. The charts presented below show the functions of 
command bits. For address codes, refer to Fig. 4 (P.15). 


7 

6 

5 

4 

3 

2 

1 

0 —— 

Bit 






1 


1 


1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

I 

1 

I 

1 

1 

1 

1 

1 

1 

“T" 

1 

1 

1 

! 

I 

1 

1 

1 

1 1 0 
I_1 

Memory-to-memory transfer disable 
Memory-to-memory transfer enable 

1 

1 

i 

i 

1 

1 

1 

To 

Channel 0 address hold disable 

1 

1 

I 

1 

1 

1 

! 

1 

i 

1 

I 

1 

1 

1 

1 

1 

1 

1 


1 1 
l_x 

Channel 0 address hold enable 

In case of bit 0=0 

! 

1 

1 

1 

1 

1 


To 

Controller enable 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



l_i 

Controller disable 

i 

i 

1 

1 

1 

1 

1 

1 

1 

i_ 



To 

1 1 

Normal timing 

Compressed timing 

! 

1 

1 

1 

1 

1 

1 

1 




Lx 

In case of bit 0=1 

1 

1 

1 

1 

1 

1 

I 

i_ 




To 

Fixed priority 

1 

1 

1 

! 

i 

1 





Li 

Rotating priority 

i 

i 

1 

i 

1 

1 





To 

1 1 

Normal write pulse 

Extended write selection 

1 

i 

! 

j 






i_x 

In case of bit 3=1 

1 







To 

DREQ sense active high. 

1 

1 







i_i 

DREQ sense active low. 

i 







(“o 

DACK sense active high. 


1 BACK sense active low. 


Request Register: 

The TMP82C37A is capable of responding to DMA service request by 
software similar to DREQ. Each channel has a single bit request 
register which cannot be masked. Further, priority is given by the 
priority, encode circuit. 

Bit of each register is set or cl ear ed by' software and further, 
cleared by generation of TC or external EOP. All registers are cleared 
by reset. In order to set or reset bit, a proper form of data word is 
loaded by software. 

Address codes are shown in Fig. 4 (P.15). DMA service request by 
software is accepted only when the channels are in the block mode. In 
the Memory-to-Memory transfer, DMA service request by the software 
command to Channel 0 only becomes valid. 
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7 6 5 4 3 2 1 0 



lOl 

110 

111 


I 0 
I 1 


Mode Register: 

All channels have a 6-bit mode 
register is written by CPU when it 


Bit 


Channel 0 is selected. 

Channel 1 is selected. 

Channel 2 is selected. 

Channel 3 is selected. 

Reset of request bit 
Set of request bit 

register, respectively. This mode 
is in the program condition, and Bit 


0 and 1 decide which channel's mode register is to be written. 


7 6 5 4 3 2 1 0 Bit 


1 


1 

1 loo 

Selection of channel 0 


1 1 

1 

1 loi 

Selection of channel 1 


1 1 

1 

110 

Selection of channel 2 


1 1 

i 1 

1 

1 

111 

Selection of channel 3 


1 1 
! 1 

1 

! 

loo 

Verify transfer 


1 1 

1 

loi 

Write transfer (I/O to Memory) 


1 1 


110 

Read transfer (Memory to I/O) 


1 1 


111 

Illegal 


1 1 

1 1 


|}OC 

In case of bit 6,7 = 11 


I 1 

1 1 


To 

Auto initialize disable 


1 

1 


Li 

Auto initialize enable 


1 

1 


To 

Address increment 




l_i 

Address decrement 




loo 

Demand mode 




loi 

Single mode 




110 

Block mode 




111 

Cascade mode 


Mask Register: 

For each channel, mask bit are allocated to the mask register to 
disable DREQ input. If the auto initialization has not been programmed 
for the channels, the channel corresponding to a mask bit is set when 
EOF is produced. Each bit of the 4-bit mask register is also set or 
cleared by the software command. All bits are also set by reset. This 
will disable all DMA requests until the clear mask register command is 
enabled. 

Command addressing is shown in Fig. 4 (P.16). 
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7 

6 5 

4 

3 

2 1 

0 

—— 

Bit 




I I I 

i 

I 

1 

r: 

;i 







_l 

1 1 


1 





X 



1 

1 


100 

101 

Selection of mask 
Selection of mask 

bit of 
bit of 

channel 0.- 
channel 1. 





1 

1 

1 


no 

111 

Selection of mask 
Selection of mask 

bit of 
bit of 

channel 2. 
channel 3. 





! 

i 


To 

Clear of mask bit 









Li 

Set of mask bit 




All four 
command. 

bits 

of 

the mask 

register can be written 

also 

by a single 

7 

6 5 

4 

3 

2 1 

0 

- 

Bit 



I 

I I I 

I 

I 

1 


;i 




I 


_I 

I 

i 1 

T 






X 


I 

1 1 

1 

_To 

Clear mask bit of 

channel 0. 


Set mask bit of channel 0. 

0 Clear mask bit of channel 1. 
__1 Set mask bit of channel 1. 

0 Clear mask bit of channel 2. 
1 Set mask bit of channel 2. 


Clear mask bit of channel 3» 
Set mask bit of channel 3. 


Status Register 

This register is read out by CPU through the TMP82C37A. Status 
information of the TMP82C37A at time of readout is included. 
Information as to which channel reaches the terminal count (TC) and 
which channel is pending the DMA request are included in this 
information. Bits 0 to 3 are set every time when a channel reaches TC 
including the auto initialization. 

These bits are cleared by reset or when each status is read out. 
bits 4 to 7 are always set when corresponding channels are requesting 
the DMA service 



-■- Bit 


1 

Channel 

0 

reaches TC 

1 

Channel 

1 

reaches TC 

1 

Channel 

2 

reaches TC 

1 

Channel 

3 

reaches TC 

1 

Channel 

0 

request. 

1 

Channel 

1 

request. 

1 

Channel 

2 

request. 

1 

Channel 

3 

request. 
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Temporary Register: 

This register is used for holding data during the Memory-to-Memory 
transfer. A last word transferred following the end of tranfer is read 
out by CPU that is in the program condition. Unless cleared by reset, 
this register contains the last word transferred during the preceding 
Memory-to-Memory transfer. 

Software Commands: 

These commands are special software commands which are executed in the 
program condition and do not depend upon the specified bit pattern on 
the data bus. These commands are available in following two commands: 

Clear First/Last flip-flop 

This command is executed prior to write or read of address 
information or word count information of the TMP82C37A. Furthermore, 
this command is used when low order or high order 8 bits of register 
are accessed. 

Master Clear 

This software command has the same effect as the hardware reset. The 
command, status, request, temporary, and internal First/Last 
flip-flop registers are all cleared by this command, and the mask 
register is set. 

The TMP82C37A enters into the idle cycle. 

Clear Mask Register 

This command clears all mask bits of four channels, enabling 
acceptance of the DMA service requests. 

Address codes of the software commands are shown in Fig. 4. 





Signal 





I 



1 



1 Operation I 


A3 I 

A2 i 

A1 i 

AO I 

lOR 

low 



1 i 

0 ! 

0 ! 

0 1 

0 

1 

1 Read of status register 1 


1 1 

0 1 

0 ! 

0 i 

1 

0 

1 Write to command register 1 


1 1 

0 i 

0 i 

1 1 

0 

1 

I - 1 


1 1 

0 I 

0 1 

1 1 

1 

0 

1 Write to request register 1 


1 1 

0 1 

1 1 

0 ! 

0 

1 

1 “ 1 


1 1 

0 1 

1 I 

0 1 

1 

0 

I Bit set, reset of mask register 1 


1 1 

0 1 

1 ! 

1 1 

1 

0 

1 “ 1 


1 1 

0 1 

1 1 

1 1 

1 

0 

1 Write to mode register 1 


1 1 

1 1 

0 1 

0 1 

0 

1 

1 ” 1 


1 1 

1 1 

0 ! 

0 1 

1 

0 

1 Clear First/Last flip-flop 1 


Bi 


0 ! 

1 1 

0 

1 

1 Read of temporary register 1 


1 1 

mm 

0 1 

1 1 

1 

0 

1 Master clear 1 


1 1 

ii 

1 1 

0 1 

0 

1 

1 - 1 


1 1 

1 1 

1 1 

0 1 

1 

0 

i Clear mask register 1 


1 1 

1 1 

1 1 

1 1 

IIQIII 

1 

T 1 


1 1 

1 1 

11 

1 1 

1 

0 

1 All bit write of mask register 1 


Note ) 


The oblique 
Fig. 4 


lined codes denote illegal codes. 
Register and Function Addressing 
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(*): Internal F/L,F/F 


Chan- 


Signal 


nel 

1 

1 

Register 

lOperation 

1 

IcsT 

1 

lORl 

IS 

1 

^3l 

1 1 
A2|A1| 

1 

^oi 

(*) 

1 

1 

DB0-DB7 


1 

1 

Base & Current 

1 

1 Write 

1 1 

1 o| 

1 

1 

1 

0 

1 

1 

1 

ol 

1 

ol 

1 

ol 

1 

ol 

0 

T 

1 

AO 


A 7 


1 

1 

Address 

1 

1 

1 o! 

1 1 

1 

1 

1 

0 

1 

I 

ol 

I 

ol 

1 

ol 

1 

ol 

1 

1 

1 

1 

A8 

- 

A15 


I 

i 

Current Address 

1 

1 Read 

1 1 

1 01 

0 

1 

1 

1 

1 

1 

1 

ol 

1 

ol 

1 

ol 

1 

ol 

0 

1 

1 

AO 

_ 

A 7 

0 

1 

1 


1 

1 

1 o| 

1 I 

0 

i 

1 

1 

1 

! 

ol 

1 

ol 

1 

ol 

1 

ol 

1 

1 

1 

1 

A8 

- 

A15 


1 

Base & Cutrent 

1 

! Write 

1 1 
! o! 

1 

1 

1 

0 

1 

1 

1 

ol 

ol 

I 

ol 

I 

11 

0 

1 

1 

WO 

- 

W 7 


1 

1 

Address 

1 

1 

1 ol 

1 1 

1 

1 

1 

0 

1 

1 

ol 

1 

ol 

1 

ol 

1 

ll 

1 

1 

1 

1 

W8 

- 

W15 


i 

! 

Current Address 

1 

1 Read 

1 1 
i ol 

0 

1 

1 

1 

1 

1 

! 

ol 

1 

ol 

1 

ol 

1 

11 

0 

1 

1 

wo 

_ 

W 7 


1 


1 

1 o! 

0 

1 

1 

1 

ol 

ol 

ol 

ll 

1 

1 

1 

W8 


W15 


i 

Base & Current 

1 Write 

1 ol 

1 

1 

0 

1 

ol 

ol 

ll 

ol 

0 

1 

AO 


A 7 


1 

1 

Address 

1 

1 

1 ol 
! 1 

1 

1 

1 

0 

1 

I 

ol 

1 

ol 

1 

ll 

1 

ol 

1 

1 

1 

I 

A8 

- 

A15 


1 

1 

Current Address 

1 

1 Read 

I 1 

1 Ol 

0 

1 

1 

1 

1 

1 

1 

ol 

! 

ol 

1 

ll 

1 

ol 

0 

1 

1 

AO 


A 7 

1 

1 

1 


1 

1 

1 o! 

I 1 

0 

1 

1 

1 

1 

1 

ol 

1 

ol 

1 

ll 

1 

ol 

1 

1 

1 

i 

A8 

- 

A15 


I 

1 

Base & Current 

1 

! Write 

1 1 

I ol 

1 

1 

1 

0 

1 

1 

ol 

ol 

1 

ll 

1 

ll 

0 

1 

I 

WO 

- 

W 7 


1 

1 

Address 

1 

1 

1 ol 

1 

1 

1 

0 

1 

1 

ol 

1 

ol 

1 

ll 

1 

ll 

1 

1 

1 

1 

W8 

- 

W15 


1 

I 

Current Address 

1 

i Read 

1 1 

1 Ol 

0 

1 

1 

1 

1 

1 

1 

ol 

1 

ol 

1 

11 

1 

ll 

0 

1 

1 

WO 

- 

W 7 


1 


1 

! Ol 

0 

1 

1 

1 

ol 

ol 

i! 

ll 

1 

1 

W8 

- 

W15 


i 

Base & Current 

1 Write 

1 Ol 

1 

1 

0 

! 

ol 

ll 

ol 

o! 

0 

1 

AO 


A 7 


1 

1 

Address 

1 

! 

1 ol 

1 1 

1 

1 

1 

0 

1 

i 

ol 

1 

ll 

1 

ol 

1 

ol 

1 

1 

1 

1 

A8 

“ 

A15 


1 

1 

Current Address 

1 

1 Read 

I 1 

1 ol 

0 

1 

1 

1 

I 

1 

I 

ol 

1 

ll 

1 

ol 

1 

ol 

0 

I 

1 

AO 


A 7 

2 

1 

1 


1 

1 

i ol 

I 1 

0 

1 

1 

1 

1 

1 

ol 

1 

ll 

1 

ol 

1 

ol 

1 

1 

1 

1 

A8 

- 

A15 


1 

1 

Base & Current 

1 

1 Write 

1 1 

I ol 

1 

1 

1 

0 

1 

1 

ol 

1 

ll 

1 

ol 

1 

li 

0 

1 

1 

WO 


W 7 


1 

1 

Address 

1 

1 

i ol 

1 1 

1 

1 

1 

0 

1 

I 

ol 

! 

ll 

1 

ol 

1 

ll 

1 

1 

1 

1 

W8 


W15 


1 

1 

Current Address 

1 

1 Read 

1 1 

1 ol 

0 

I 

1 

1 

i 

1 

I 

ol 

1 

ll 

1 

ol 

1 

ll 

0 

1 

1 

WO 


W 7 


1 


1 

1 ol 

0 

1 

1 

1 

ol 

ll 

ol 

ll 

1 

1 

W8 

- 

W15 


1 

Base & Current 

1 Write 

1 ol 

1 

1 

0 

1 

ol 

ll 

ll 

ol 

0 

1 

AO 


A 7 


1 

1 

Address 

1 

! 

1 ol 

1 I 

1 

1 

1 

0 

1 

1 

ol 

1 

ll 

1 

ll 

1 

oj 

1 

1 

1 

1 

A8 

- 

A15 

I 

1 

1 

Current Address 

I 

1 Read 

1 I 

1 ol 

0 

1 

1 

1 

1 

1 

1 

ol 

1 

ll 

1 

ll 

1 

ol 

0 

1 

1 

AO 

- 

A 7 

3 

1 

1 


1 

1 

1 ol 

i 1 

0 

1 

I 

1 

1 

1 

ol 

1 

ll 

ll 

ol 

1 

1 

1 

A8 

- 

A15 


1 

1 

Base & Current 

1 

1 Write 

1 ol 

1 

1 

1 

0 

1 

1 

1 

ol 

1 

ll 

1 

ll 

! 

11 

0 

1 

1 

WO 


W 7 


1 

1 

Address 

1 

1 

1 oj 

1 i 

1 

1 

1 

0 

1 

1 

ol 

1 

ll 

1 

ll 

1 

ll 

1 

1 

1 

1 

W8 

- 

W15 


1 

1 

Current Address 

1 

1 Read 

I I 

1 ol 

0 

1 

1 

1 

1 

1 

ol 

1 

ll 

1 

ll 

1 

ll 

0 

1 

1 

WO 

- 

W 7 


1 


1 

1 ol 

0 

1 

1 

1 

ol 

ll 

ll 

li 

1 

1 

W8 

- 

W15 


Data Bus 


Fig. 5 Word Count, Address Registers 
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TMP82C37A^5/AF-5 


Programming 

If HLDA of CPU is inactive it is possible to program the TMP82C37A by 
CPU even when HRQ is active. 

However, it is necessary for CPU to take care that programming of 
the TMP82C37A and answer of HLDA are taken place simultaneously. 

It requires care when the DMA service is requested to an unmasked 
channel during the programming of the TMP82C37A. 

It is considered that an embarrassing trouble may be caused in 

this case. 

For instance, if CPU is going to rewrite the address register of 
channel 2 and in addition, the TMP82C37A is enabled and channel 2 is 

not masked when channel 2 received a DMA request. The DMA service will 
be started after one byte of the address register is written. Such a 
problem as exampled above can be taken place. 

To avoid such problems as this, it is better to disable the 

controller or mask unmasked channels before reprogramming any register. 

It is better to enable the controller or clear the masking when 

the programming is completed. 

Example of Program Set (CH2) 


DI 



Interrupt disable 


OUT 

MCLR 


Master clear 


MVI 

A, xxxxxxxxB 




OUT 

CMND 


Command register set-*up 


MVI 

A, xxxxxxlOB 




OUT 

MODE 


Mode register set-up 


MVI 

A, 37H 




OUT 

ADR2 


CH2 Address Reg. (low order) 

MVI 

A, 82H 




OUT 

ADR2 


CH2 Address Reg. (high 

order) 

MVI 

A, 17H 




OUT 

WCNT2 


CH2 Word count register 

(low order) 

MVI 

A, 95H 




OUT 

WGNT2 


CH2 Word count register 

(high order) 

MVI 

A, OOOOOOlOB 




OUT 

MSKB2 


CH2 Mask clear (single 

bit) 

El 



Interrupt enable 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

I ITEMS 

T 

TEST CONDITION 

I RATING I 

UNIT 

VCC 

I Supply Voltage 

I 

I 

With Respect 
To GND. 

I -0.5 to 7.0 I 

V 

VIN 

I Input Voltage 

I 

I 

I 

i -0.5 to VCC +0.5 I 

V 

VOUT 

I Output Voltage 

I 

I 


I -0.5 to VCC +0.5 I 

V 

PD 

I Power Dissipation 

I 


I 250 I 

mW 

I Tsoi 

I Solder Temperature 

I 


l 260 (10 sec) 1 

°c 

Tstg 

I Strage Temperature 

I 


1 -65 to +150 1 

°c 

Topr 

loperating Temperature 

I 


1 -40 to +85 i 

°c 


DC CHARACTERISTICS 

[Ta = -40°C to 85°C, VCC = 5V + 10%, VSS (GND) = OV] 


SYMBOL 

ITEMS 

ITEST conditions! 

MIN. 1 TYP 
1 

.1 MAX. 

UNIT 

VIL 

Input Low Voltage 

1 1 

-0.5 1 

I 

1 0.8 

V 

VIH 

Input High Voltage 

1 1 

1 

2.2 1 

1 

IVCC+0.5 

V 

VOL 

Output Low Voltage 

1 lOL = 3.2mA 1 

— 1 

1 

_ __ -1 - 

I 0.45 

V 

VOHl 

Output High Voltage 

1 lOHl = -400uA 1 

2.4 1 

1 

V 

VOH2 

Output High Voltage 

1 IOH2 = -lOOuA 1 

VCC-0.8! 

1 .. 

j 

V 

IIL 

Input Leakage 
Current 

1 OV < VIN < VCCl 

1 

1 

1 

_ 1 

- - 

1 +10 

uA 

lOFL 

Output Leakage 
Current 

io.45V<VOUT<VCC | 

1 

1 

- 1 

1 +10 

uA 

ICCl 

Operating Supply 
Current 

1 CLK = 5 MHz 1 

1 VIH=VCC-0.2V 1 

1 VIL * 0.2V 1 

- '*1 - 

1 

1 5 

1 

- 1 _ 

1 

1 10 

1 

mA 

ICC2 

Stand-by Supply 
Current 

1 CLK = DC 1 

1 VIH=VCC-0.2V 1 

1 VIL «= 0.2V 1 

-- 1-... 

1 

1 

1 

1 

1 10 

1 

uA 
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AC CHARACTERISTICS 

Active Cycle (Notes: 2 and 9) [Ta=-40°C to 85°C, VCC=5V+10%, VSS(GND)=0V.] 


I SYMBOL 

I 

ITEMS. I 

MIN. 

1 

MAX. 

i UNIT 


I TAEL • 

T 

AEN HIGH from CLK LOW (SI) Delay time I 


T 

200 

I ns 


I TAET 

T 

AEN LOW from CLK HIGH (SI) Delay time I 


T 

130 

! ns 


I TAFAB 

T 

ADR Active to Float Delay from CLK HIGH I 


1 

90 

1 ns 


I TAFC 

T 

READ or MITE Float Delay from CLK HIGH ! 


1 

120 

1 ns 


I TAFDB 

T 

DB Active to Float Delay from CLK HIGH i 


I 

170 

1 ns 


I TAHR 

T 

ADR from MaD HIGH Hold Time I ' 

rcY-ioo 

T 


1 ns 


I TAHS 

T 

DB from ADSTB LOW Hold Time I 

30 

1 


1 ns 


! TAHW 

T 

ADR from WRITE HIGH Hold time I ' 

rCY-50 

T 


1 ns 



T 

DACK Valid from CLK Low Delay Time I 


T 

170 

1 ns 


I TAK 

I 

EOP HIGH from CLK HIGH Delay Time I 


1 

170 

! ns 



I 

EOP LOW to CLK HIGH Delay Time I 


1 

170 

! ns 


I TASM 

I 

ADR Stable from CLK HIGH I 


1 

170 

i ns 


I TASS 

T 

DB to ADSTB LOV7 Setup Time I 

100 

T 


1 ns 


l^'^TCH 

T 

Clock HIGH Level Time I 

68 

T 


1 ns 


i*TCL 

I 

Clock LOW Level Time I 

100 

1 


1 ns 


I TCY 

i 

Clock Cycle Time I 

200 

1 


1 ns 


I TDCL 

I 

I 

(NOTE 3) I 

CLK HIGH to READ or WRITE LOW Delay Time I 


1 

1 

190 

1 ns 



I 

(NOTE 3) ! 


1 

190 

1 ns 


i TDCTR 

I 

READ HIGH from CLK HIGH (S4) Delay Time I 


1 





! 

(NOTE 3) I 


1 

130 

1 ns 


i TDCTW 

I 

WRITE HIGH from CLK HIGH (S4) Delay Time ! 


1 




! TDQl 

I 

(NOTE 4) I 


1 

120 

1 ns 


i*TDQ2 

■| 

HRQ Valid from CLK HIGH Delay Time I 


1 

140 

1 ns 


I TEPS 

T 

I 

I 

EOP LOW from CLK LOW Setup Time I 

40 

1 

1 


1 ns 


I TEPW 

T 

I 

EOP pulse width I 

220 

T 

1 


1 ns 


I TFAAB 

I 

ADR Float to Active Delay from CLK HIGH I 


1 

170 

i ns 



T 



1 




I TFAC 

I 

READ or WRITE Active from CLK HIGH I 


1 

150 

i ns 


I TFADB 

T 

DB Float to Active Delay from CLK HIGH I 


T 

200 

i ns 


I THS 

I 

HLDA Valid to CLK HIGH Setup Time I 

75 

T 


i ns 


I TIDH 

I 

I 

Input Data from MEMR HIGH Hold Time I 

0 

1 

1 


i ns 


I TIPS 

T 

I 

Input Data to MEMR HIGH Setup Time I 

170 

T 

1 


1 ns 


I TODH 

T 

I 

Output Data from MEMW HIGH Hold Time I 

10 

T 

1 


1 ns 


I TODV 

i 

I 

I 

Output Data Valid to MEMW HIGH I 

125 

1 

1 


1 ns 


|*TQS 

I 


30 

1 


1 ns 


I TRH 

T 

KMaisaHw ii'iiri n' i ■ 

20 

T 


1 ns 


I TRS 

T 

READY to CLK LOW Setup Time I 

60 

T 


1 ns 


I TSTL 

T 

ADSTB HIGH from CLK HIGH Delay Time I 


T 

130 

1 ns 


I TSTT 

T 

ADSTB LOW from CLK HIGH Delay Time F 


T 

90 

1 ns 
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NOTE 1 : TCL and TDQ2. 

The following AC specification can be also guaranteed under the 
conditions : Ta =-40^C to 50°C 
Vcc-5V+5% 

Vss= OV 

1 TCL = 80ns (MIN) 

2 TDQ2=120ns (MAX) 

NOTE 2 : Value with * Mark is different from AC specification of N-MOS part. 

Program-Condition (Idle Cycle) (Notes: 2, 8 and 9) 

[Ta=-40°C to 85°C, VCC=5V+10%, VSS(GND)=0V] 


SYMBOL 


ITEMS. 


MIN. 


MAX. 


UNIT 


TAR 


ADR Valid or CS LOW to READ LOW 


50 


TAW 


ADR Valid to WRITE HIGH Setup Time 


130 


TCW 


CS LOW to WRITE HIGH Setup Time 


130 


TDW 


Data Valid to WRITE HIGH Setup Time 


130 


TRA 


ADR or CS Hold from READ HIGH 


TRDE 


(Note 7) 


Data Access from READ LOW 


140 


TRDF 


Data Bus Float Delay from READ HIGH 


70 


TRSTD 


Power Supply HIGH to RESET LOW Setup Time 


500 


TRSTS 


RESET to First lOWR 


2TCY 


TRSTW 


RESET Pulse Width 


300 


TRW 


READ Pulse Width 


200 


TWA 


TWC 


ADR from WRITE HIGH Hold Time 


20 


CS HIGH from WRITE HIGH Hold Time 


20 


TWD 


Data from WRITE HIGH Hold Time 


30 


TWWS 


WRITE pulse Width 


160 


Capacity (Ta=25°C, VCC*GND=0V) 


SYMNOL 

PARAMETER 

I TEST CONDITION 

I 

1 MIN. 

1 TYP. 

T 

MAX. 

1 UNIT 

Cl 

Input Capacitance 

I 

I 

I fc == 1.0 MHz, 

1 Input = OV 

1 

1 

1.. 

1 

1 

8 

1 pF 

CO 

Output Capacitance 

1-- 

1 

1 

1 

1 

15 

CIO 

I/O Capacitance 

I 

1 

1 . 

1 

1 

1 

20 
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Timing Diagram 



Timing Diagram 1 Program Condition Write Timing 


DB0-I)B7 



Timing Diagram 2 Program Condition Read Cycle 



TECHNICAL DATA 




I I ^tah s 

A8-A15>-1-- 

—I I 

__ TAFDB _ ^ TAHW. j JtMwJ 

ADDRESS VALIDM ADDRESS VaLId1> 



TAK 



I TFAC 



TFAC ItDCL ItDCTRI ' I 1 ITDCL TDCTR I I* TAFC 


(FOR EXTENDED WRITE) 



Timing Diagram 3 Active Cycle 


— 51 









TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C37AP-5/AF-5 



Timing Diagram 4 Memory-to-Memory Transfer 



Timing Diagram 5 Compressed Transfer 
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Note 1. TYP. value is that when rated voltage is applied at Ta = 25°C. 

Note 2. Test conditions; a) Unless otherwise specified, timing defining 

signal voltages are; 

Input High level = 2.4V, Low level = 0.45V 

Output High level = 2.2V, Low level = 0.8V 

b) Input rising and falling times are below 20 ns. 

c) Unless otherwise specified, 1 x TTL gate and 
150 pF load are provided to output. 

Note 3. Normal write pulse width is TCY~100 ns. Extension write pulse width 
is 2TCY~100 ns. Read pulse width is 2TCY-50 ns, and compressed read 
pulse width is TCY-SO ns. 

Note 4. TDQ is measured at two different high levels. 

TUQl «= 2.2V, TDQ2 « 3.3V 

Note 5. It is necessary to keep DREQ active until DACK is received. 

Note 6. Both low active and high active level are available for DREQ and 
DACK. 
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Note 7. Output load of the data bus are provided with 1 x TTL gate and 15 pF 
as the minimum value, and 1 x TTL gate and 150 pF as the maximum 
value. 

Note 8. 400 ns are required for active read or write pulse recovery time at 

time of program condition. 

Note 9. Signal READ and WRITE are lOR and MEMR for the DMA operations from 
peripheral devices to the memory. I n the DMA op erations from the 
memory to peripheral devices, they are MEMR and lOW. 

Note 10. When N state wait is added at time of write to memory in the latter 
half of memory-to-memory transfer, this parameter increases by N 
(TCY) at a time. 
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EXTERNAL DIMENSION VIEW (Mini Flat Package) 


Unit in mm 
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Example of Application Circuit 

The connecting method of the TMP82C37A and CPU is shovm in Fig. 7. 

The multimode DMA controller outputs a hold request whenever valid 
DMA request is produced from peripheral device. When CPU answers by the 
hold acknowledge signal, the TMP82C37A receives the control right of the 
address bus, data bus, and control bus. In the first transfer, address 
(the least significant 8 bits of the address bits and the most significant 
8 bits on the data bus) is output. 

-The content of the data bus is latched by the 8~bit latch 
(TC74HC373P) to make the address bus complete. After execution of the 
first transfer, that latched data is updated only when carry or borrow is 
produced on the least significant address byte. 

When one TMP82C37A is used, four DMA channels are provided. 
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TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC TMP8237AP 

MULTI MODE DMA CONTROLLER 


GENERAL DESCRIPTION 

The TMP8237AP (hereinafter referred to as TMP8237A) is a multi-mode 
direct memory access (DMA) controller. The TMP8237A improves the system 
function by directly transferring information between the system memory and 
external devices. Memory-to-memory data transfer is also possible. 

The TMP8237A is provided with versatile programmable control functions in 
order to improve data throughput. 

The TMP8237A is used with an 8-bit address register connected externally. 
The TMP8237A has four built-in independent channels and it is possible to 
extend channels through cascade connection. 

There are three basic data transfer modes which are programmable by the 
user. Each channel is programmable individually and auto initialization is 
possible by End of Process (EOP) signal. 

Each channel has the maximum 64K capability for both address and word 
count. EOP signal is capable of terminating data transfer between DMAs and 
memories. EOP signal is useful for block search or verify or for terminating 
erroneous servies. 

FEATURES 

o Four independent DMA channels available, each of which has the following 
registers; mode countrol, current address, base address, current word 
count, and base word count registers. 

o Four transfer modes available; block, demand, single word, and cascade 
modes. 

o Independent auto initialize function provided to each of all channels, 
o Memory-to-raemory transfer 
o Address increment or decrement 

o All DMA request disabled by disabling the master system 
o Individual DMA request eanble/disable control 
o Unrestricted cha nne l extension by cascade connection 
o End of Process (EOP) input terminal for terminating transfer, 
o DMA request by software 

o Polarity control provided for DREQ signal and DACK signal 
o Option for increasing transfer speed up to 1.5M word/sec. 
o Single +5V power supply 
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Pin Connections 


Pin Names 


lOP 

JW 

MELIR 

MEMW 
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READY 

HLDA 

yj)STE 

AEh 

HRQ. 

CS 
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RESET 

DACE 2 
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(OND)Vgs 


10 

31 
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11 
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29 
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13 

28 

3 -DB2 

14 

27 

3 -DB3 

15 

26 

3— DB4 

16 

25 

DA CKO 

17 

24 

3— DACKl 

18 

23 

3 -DB5 

19 

22 
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20 

21 
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~E^ 
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Address Bus 
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! I/O Read 
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Clock 

Reset 
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+5V, GND~ 


Note) +5V connection or open state is available. 
Block Diagram 
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1 Write 
Buffer 


^ 4 Priority 
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OPERATIONAL DESCRIPTION 

Description of I/O signals 
o VCC 

+5V power supply 

o VSS 
Ground 

o CLK (Clock, Input) 

This input controls the internal operation and data transfer rate of 
the TMP8237A. 

o CS (Chip Select, Input) 

This input is low active and used to select the TMP8237A as an I/O 
device during an I/O read or I/O write by the host CPU. If lOR or lOW 
is toggeled following each transfer when a host CPU and the TMP8237A 
are transferring data mutually, CS may be kept at LOW. 

o RESET (Reset, Input) 

This input is as)mchronous input to clear the command, status, request 
and temporary registers. In addition, this input is used to clear 
First/Last flip-flops and set the mask register. Following the reset, 
the TMP8237A is placed in the idle cycle. 

o READY (Ready, Input) 

This input is used to extend the memory read and write pulses from the 
TMP8237A in order to adapt to a slow memories or I/O peripheral 
devices. 

o HLDA (Hold Acknowledge, Input) 

By this signal, the TMP8237A knows that the system bus control is 
turned over from CPU. 

o DREQq ” DREQ^ (DMA Request, Input) 

DMA request signals are input from peripheral circuits. If priority is 
fixed, the highest priority is given to DREQ^ and the lowest priority 
to DREQ-. Polarity of DREQ is programmable. DREQ becomes high active 
by RESET. 

o DBO - DB7 (Data Bus, Input/Output) 

The Data Bus lines are bidirectional three-state signals connected to 
the system data bus. When CPU is in l/O read state, output is enabled 
and contents of the registers (address, status, temporary and word 
count) are output to CPU. When CPU is in l/O write state, the data bus 
serves as input and it becomes possible to program the control register 
of the TMP8237A. 

During the DMA cycle, high order 8 bits of address are output on 
the data bus and latched by ADSTB signal externally. During the 
memory-to-memory transfer, the data of the source memory location are 
loaded into the temporary register of the TMP8237A by the read opera¬ 
tion and the contents of the temporary register are output to the 
destination memory location by the write operation. 
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o lOR (I/O Read, Input/Output) 

I/O read is a bidirectional, low active and 3-state signal. During the 

idle cycle, this signal serves as an input control signal used by CPU 

to read the control registers of the TMP8237A. During the active 
cycle, this signal serves as an output control signal used by the 
TMP8237A to access data from the peripheral circuit during the DMA read 
and transfer. 

o low (I/O Write, Input/Output) 

I/O write is a bidirectional low active, 3-state signal. During the 

idle cycle, this signal serves as an input control signal used by CPU 

to load the information to the TMP8237A. During.the active cycle, this 
signal served as an output control signal used by TMP8237A to load the 
data to the peripheral. F or write to the TMP8237A by CPU, the leading 
edge of the write signal (lOW) is required for every data transfer. It 
is not poss ibl e to write more than two data by toggling CS while 
holding the lOW pin at low level. 

o EOP (End of Process, Input/Output) 

EOP (End of Process) is a signal relative to end of DMA service, and is 
a low active, bidirectional and open drain signal. When the channel 
word count reaches zero, the TMP8237A outputs low pulse of EOP to 
peripheral deives as the end signal. _ 

In addition, it is also possible to pull EOP to the low level by 
peripheral device in order to cause the end of process. 

When EOP is received (internally or externally), the channel which 
is presently active terminates the service, sets that TC bit of the 
status register and resets that request bit. 

If that channel is programmed for auto initialization, that 
current register is updated from the base register. In all other 
cases, mask bit is set and the content of that register remains 
unchanged. 

During the memory-t o~me mory transfer, EOP is output when TC of 
channel 1 is produced. EOP is always used for channels with active 
DACK and external EOP has no connection when DACK^ - DACK^ are all 
inac t ive . 

EOP is an open drain signal and therefore, requires an external 
pull-up resistor. 

o AO to A3 (Address, Input/Output) 

The low order 4 address lines are the bidirectional 3-state terminals. 
In the idle cycle, these terminals serve as the input terminals and 
used by CPU for write/read of the control register. In the active 
cycle, they serve as the output terminals and become low order 4 bits 
of output address. 

o A, - A^ (Address, Output) 

The high order address lines are 3-state output terminals. These 

terminals are enabled for the period of DMA service only. 

o HRQ (Hold Request, Output) 

This is the hold request signal to CPU, and is used to request the 
system bus control. HRQ is output by the TMP8237A according to a 
software request or unmasked DREQ. 
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o BACK “ DACK^ (DMA Acknowledge, Output) 

The DMA acknowledge lines indicate that channels are active. On 
ordinary systems, these are used for selecting peripherl devices. Only 
one BACK becomes active but it does not become active unless DMA is 
controlling the system bus. Porarily of these lines is programmable. 
When reset, they become low active, 

o AEN (Address Enable, Output) 

Address Enable is a high active signal and used to enable output of the 
external latch which holds high order bytes of address and to disable 
the system bus during the DMA cycle. 

During the DMA transfer, HLDA and AEN are used to disable all I/O 
except programmed I/O. The TMP8237A disables CS input for DMA transfer 
to prevent itself from being selected automatically. 

o ADSTB (Address Strobe, Output) 

This signal is a strobe output to an external latch circuit and is used 
to latch high order 8-bit address from DB^ - DB^. 

o MEMR (Memory Read, Output) 

This is a low active 3-state output used for transferring data from a 
memory to a peripheral device or for data accessing from a selected 
memory during the memory-to-memory transfer. 

o MEMW (Memory Write, Output) 

This is a low active 3-state output used for transferring data from a 
peripheral device to a memory or for writing data into a selected 
memory during the memory-to-memory transfer. 

FUNCTIONAL DESCRIPTION 

o DMA Operation 

The TMP8237A has two operations; idle cycle and active cycle. Each of 
these cycles consists of several states. 

On the TMP8237A, it is possible to consider 7 states each of which 

consists of one clock cycle. State I (SI) is an idle state. This is 

such a state as there is no valid DMA request pending. SI is a program 
condition state which is programmable by CPU. 

State 0 (SO) is the first DMA service state. This is a state that 
the TMP8237A made a hold request to CPU but not yet received the 

acknowledge signal from CPU. When the acknowledge signal is recieved 

from CPU, the transfer is started. 

SI, S2, S3 and S4 are the DMA service state. If much time is 
required by the transfer, it is possible to insert the wait state (SW) 
before S4 by READY input to the TMP8237A. 

In the memory-to-raemory transfer, in order to assure complete 
transfer, read from the memory and write to the memory are required. 8 
states are necessary for one transfer. The first four states (Sll, 
S12, S13 and S14) are read from the memory and the latter four state 
(S21, S22, S23 and S24) are write to the memory. 

The temporary data register is used as an intermediate storage 
area of memory bytes. 
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o Idle cycle 

When DMA service is not requested by channels, the TMP8237A enters into 
the idle cycle and is placed in SI state. In order to check if the 
channels request DMA service, the TMP8237A samples DREQ for every 
clock. 

The TMP8237A also samples CS to check if CPU is requesting read or 
write of internal registers. When CS is low and HLDA is also low, the 
TMP8237A is placed in the program condition. 

At this time, CPU is able to change or check the content of any 
internal register through read or write from that register. 

Address lines AO - A3 are input signals and used for selecting a 
register being read or written. lOR and lOW are used for selecting 
read or write and decide read/write timing. 

The internal flip-flop is used for generating address extension 
bits according to number and size of internal registers. (First/Last 
Flip-flop) This bit is used for deciding high or low order bytes of 
16-bit address and word counter register. 

The flip-flop is reset by the master clear or reset. In addition, 
this flip-flop also can be reset by an independent software command. 
On a special software command, the execution in the TMP8237A program 
condition is possible. These commands are decoded as in the address 
setting when both CS and lOW are active. 

The data bus is not used for this command. This command is 
available in two types; clear First/Last flip-flop and master clear. 

o Active cycle 

"When the TMP8237A is in the idle cycle and the channels are requesting 
DMA service, the TMP8237A outputs HREQ to CPU and goes into the active 
cycle. In this cycle, the DMA service for any one of 4 modes is 
execut ed. 

Single Transfer Mode: 

In this mode, the TMP8237A performs a single byte transfer during each 
HRQ/HLDA handshake. When DREQ becomes active, HRQ becomes active. 
After CPU responds by driving HLDA active, a single byte transfer will 
take place. After the transfer HRQ becomes inactive, its word count is 
decreased, and address is increased or decireased. When word count 
becomes zero, a terminal signal is generated and if the channels are 
programmed, the auto initialization is made. 

To execute the single byte transfer, it is necessary to hold DREQ 
until DACK corresponding each DREQ becomes active. If DREQ is 
continuously active, HRQ becomes inactive following each transfer and 
then, becomes active again, and the new single byte is executed 
following the leading edge of HLDA. 

On the 8085 system, one machine cycle can be executed during the 
DMA transfer. 

Block Transfer Mode: 

In this mode the TMP8237A continues the tra nsfe r until terminal count 
(TC) is generated or End of Process signal (EOP) is externally input. 
Here, TC is produced when the word count becomes zero. 

WTiat is required for DREQ is to hold it in active state until DACK 
becomes active. Auto initialization (if so programmed) is taken place 
at the end of DMA service. 
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Demand Transfer Mode: 

In this mode the TMP8237A continues the transfer when TC is produced or 
EOP is input or until DREQ becomes inactive. Thus, it is possible for 
a device, which is requesting the DMA service, to suspend the transfer 
by making DREQ inactive. The service is resumed when DREQ is made 
active again. It is possible to read an intermediate value of address 
and word count from the current address and current word count register 
of the TMP 8237A while the system bus is returned to CPU during 
execution of the DMA service. 

The auto initialization is taken place following TC or EOP at the 
end of DMA service. In order to perform a new DMA service following 
the auto initialization, the active edge of DREQ is necessary. 

Cascade Mode: 

This mode is used when the TMP8237A is cascade connected for a simple 
system extension. HRQ and HLDA of the additional TMP8237A are 
connected to DREQ and DACK of the first TMP8237A. DMA request to the 
TMP8237A which is added for the purpose of system extension is 
authorized by the priority circuit of the first TMP8237A. 

If the priority is already decided, the DMA request of additional 
device must wait till the DMA acknowledge of first TMP8237A. The 
cascade channel of the first TMP8237A is used only for deciding 
priority of the additional TMP8237A and therefore, the channel itself 
does not output address nor control signal. This is to prevent the 
added device from colliding with output of the cascade channel. On the 
TMP8237A, DACK answers DREQ. However all other outputs except HRQ are 
disabled. 

The state of cascade connection is shown in Fig. 2. In Fig. 2, 
two levels of DMA are formed. To further extend the TMP8237A, it is 
possible to add it to the second level using the remaining channel of 
the first TMP8237A. To further add another TMP8237A, the third level 
can be formed by cascade connecting it to the second level. 


2nd Level 


Micro¬ 

processor 


1st Level 


. 1 HRQ DREQ 1 _ 

’^1 HLDA DACK | 

1 TMP8237A 1 

I I 

I HRQ DREQ L 

! HLDA DACK 1 


Initial Device 


i TMP8237A 

.1 HRQ 
I HLDA 


.1 HRQ 
I HLDA- 
1 

I TMP8237A 


Additional Device 

Fig. 2 Example of Cascade Connection of TMP8237A 
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o Transfer format 

3 different transfer format are available for 3 active transfer modes. 

The}’ are read, write and verify. In the write transfer, data is 

transferred from I/O dvice to memory by MEMW and lOR. In the read 
transfer, data is transferred from memory to I/O device by ME MR and 

IW. 

The verify transfer is a temporary transfer. The TMP8237A perform 
such operations as address generation for read or write transfer, 
answer to EOF, etc. However, memory or I/O control line does not 
become active. 

Memory-to-Memory Transfer: 

The TMP8237A has the ability of block movement and is capable of 

transferring data block from one memory address location to another 

location. When Bit CO of the command register is programmed at Logic 
1, Channel 0 and 1 operate as the memory-to-memory transfer channels. 
Channel 0 serves as a source address and Channel 1 as a destination 
address, and the word count of Channel 1 is used. The memory-to-memory 
transfer is executed when software DMA requrest is set for Channel 0. 

The memory-to-memory transfer must use the block transfer mode. 

When Channel 0 is programmed as a fixed source address, it is 

possible to write single source words into a memory block. 

When the TMP8237A is programmed for the memory-to-memory transfer, 
Channel 0 and Channel 1 must be masked. The same value as that is set 

for Channel 1 must be set for the word count of Channel 0. During the 

memory-to-memory transfer, DACK does not become active. 

During the memory-to-memory transfer, the TMP8237A answers 
external EOP signal. In the block search, the data comparator uses 

this (EOP) input to terminate the DMA serive when match is found. The 

memory-to-memory transfer is shown in Timing Diagram 4. 

Auto Initialization: 

When Bit 4 of the mode register is set to 1, the channels are set up 
for the auto initialization. During the auto initialization, data are 
loaded into the current address and current word count registers from 
the base address and base word count registers, respectively, following 
EOP. The base registers are loaded by CPU simultaneously with the 
current registers and remain unchanged during the DMA service. 

When the channels are under the auto initialization, mask bit is 
not set by EOP. 

Following the auto initialization, that channel is prepared to 
execute the service without interposition of CPU. 

Priority: 

The TMP8237A has two types of priority as an option, which can be 
selected by software. The first type is the fixed priority. Channel 
priority is fixed by channel number. The lowest priority is 3, 
followed by 2, 1, and the highest priority is 0. 

The second type is the rotating type priority. In this type, an 
accepted channels is then given with the lowest priority (See the 
following diagram.). 

On the rotating priority in the single chip DMA system, highest 
priority of any one channel comes after no more than three higher 
priority services have occurred. This rotating priority preclued one 
channel to occupy the system all the time. 
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1st Service 2nd Service 3rd Service 

The highest 
priority 

The lowest 
priority 

The priority judging circuit selects a channel with the highest 
priority requesting the DMA service for every active edge of HLDA 

Once the channel starts the service, that operation will not be 
suspended even when the service is demanded by another channel with 
higher priority. A channel with higher priority can get the control 
right only after a channel with lower priority relinquished HRQ. 
Whenever the control is transferred from a channel to another channel, 
CPU gets the system bus control right. This assures the leading edge 
of HLDA which is used for selecting a channel with the highest 
priority. 

Shortening of Transfer Time: 

In order to accomplish larger throughput allowed by system character¬ 
istics, the TMP8237A is capable of shortening the transfer time to 2 
clock cycles. As can be seen from Timing Diagram 3, State S3 is used 
to extend readout pulse access time. When State S3 is removed, readout 
pulse width becomes equal to write pulse width. Then, the transfer 
will consist of State S2 for changing address and State S4 for 
executing read/write. State SI is produced when A8 to A15 are updated 
(refer to Address Generation). Shortening of transfer time is shown in 
Timing Diagram 5. 

Address Generation: 

To reduce number of pins, the TMP8237A has high order 8 bits 
multiplexed with the data bus. State SI is used to output high order 
address bits to the external latch. The trailing edge of ADSTB is used 
to load address bits from the data line on the external latch circuit. 
AEN is used to enable latch outputs from high impedance states. Low 
order address bits are ditectly output by the TMP8237A. 

AO to A7 are connected to address buses. Timing Diagram 3 show 
the relationship among CLK, AEN, ADSTB, DBO to DB7 and AO to A7. 

Addresses produced during the block and demand transfers are 
continuous. In the transfer of much blocks and demands, the same 
external address latch is left. This address data changes only when 
carry or borrow from A7 to A8 is produced in the normal sequence. To 
save time and speed, on the TMP8237A, SI state is exe.cuted only for 
update of A8 to A15 rquiring the latch. 


0 <— Service 

1 
2 
3 


2 <— Service 

3 <— Request 


3 <— Service 

0 

2 
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Description of Registers 


1 Register Name 

1 No. of Bit 1 

Quantity 


1 Base address register 

1 16-bit 1 

4 


1 Base word count register 

1 16-bit 1 

4 


1 Current address register 

1 16-bit 1 

4 


! Current word count register 

I 16-bit 1 

4 


1 Temporary address register 

1 16-bit 1 

1 


i Temporary word count register 

1 16-bit 1 

1 


1 Status register 

1 8-bit 1 

1 


1 Command register 

1 8-bit 1 

1 


1 Temporary register 

1 8-bit 1 

1 


! Mode register 

1 6-bit 1 

4 


1 Mask register 

1 4-bit 1 

1 


i Request register 

1 4-bit 1 

1 



Fig. 3 Internal Register 

Current Address Register: 

Each channel has a 16-bit current address register. This register 
holds addresses that are used during the DMA transfer. After each 
transfer, this register is automatically incremented or decremented, 
and intermediate address values are stored in the current address 
register during the transfer. Write or read of this register is made 
by CPU. An original value is initialized again by the auto 

initialization. _ 

The auto initialization is taken place only after EOF. 

Current Word Count Register: 

Each channel has a 16-bit current word count register. For this 
register, number of words that is one less than that to be tranferred 
must be programmed. The word counter is decremented after each 
transfer. Intermediate values of word count are stored in this 
register during the transfer. When the register value becomes zero, TC 
is produced. 

When this register is in the program condition, load or read is 
made by CPU. Following the end of DMA service, this register is 
initialized to original values again by the auto initialization. 

The auto initialization is taken place only when EOP is produced. 
Be careful that the content of t he word count register becomes FFFFH 
following internally produced EOP. 

Base Address Register, Base Word Count Register: 

Each channel has a pair of registers; the base address register and 
base word count register. These 16-bit registers store original values 
of related current registers. These registers are used to store 
original values of current registers at time of the auto 
initialization. Write to the base register is made at the same time of 
write into 8-bit byte equivalent current registers during the 
programming by CPU. Therefore, write into the current registers which 
store intermediate values are made over these intermediate values. The 
base register cannot be read out by CPU. 
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Command Register: 

This 8-bit register controls the operation of TMP8237A. This command 
register is programmed (clear or reset) by CPU when it is in the 
program condition. The charts presented below show the functions of 
command bits. For address codes, refer to Fig. 4. 

7 6 5 4 3 2 1 0 <-Bit 


I I I I I I I 1_i 0 Memory-to-meraory transfer disable 

I I I I I I I 1__1 Memory-to-memory transfer enable 

1 1 1 i 1 1 1 

11111! 1_ 1 0 Channel 0 address hold disable 

111111 1 1 Channel 0 address hold enable 

111111 i_X Bit 0 = in case of 0 

111111 

I I I I 1 1_1 0 Controller enable 

11111 j_l Controller disable 

I I I I I 

1 I I 1 1 1 0 Ordinary timing 

1111 I_1 1 Timing shortening 

1111 i_X Bit 0 = in case of 0 

1111 

1 1 1 1_ 1 1 Fixed type priority 

1 1 I !_0 Rotating type priority 

111 - 

III 1 0 Normal write pulse 

1 1 I_ 1 1 Extension write pulse 

I I l_X Bit 3 = in case of 1 

II 

1 I_ I 0 Sense of DREQ is high active. 

1 |_1 Sense of DREQ is low active. 

I 

I_ I 0 Sense of BACK is high active. 

1_1 Sense of BACK is low active. 

Mode Register: 

All channels have a 6 -bit mode register, respectively. This mode 
register is written by CPU when it is in the program condition, and Bit 
0 and 1 decide which channel’s mode register is to be written. 


7 6 

1 

5 

4 

3 2 

1 

1 

0 


Bit 

1 

1 

t 

1 

1 

1 



loo 

Selection of channel 0 

1 

1 

1 

1 



loi 

Selection of channel J 

1 

1 

1 

1 



ilo 

Selection of channel 2 

1 

1 

1 

1 

1 

1 

1 

1 



in 

Selection of channel 3 

1 

I 

1 

1 

1 

1 

1 

1 



loo 

Verify .transfer 

1 

1 

1 

1 _ 



loi 

Write transfer (I/O —> memory) 

1 

1 

1 




lio 

Read transfer (Memory —> l/O) 

1 

1 

1 




111 

11 legal 

1 

1 

1 




Ixx 

Bit 6, 7 = in case of 11 
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1 1 

1 0 

Auto initialize disabl 


i 

1 

I_1 

Auto initialize enable 


1 

1 

[■"o 

Address increment 



l_i 

Address decrement 



loo 

Demand mode 



loi 

Single mode 



110 

Block mode 



111 

Cascade mode 


Request Register: 

The TMP8237A is capable of answering DMA service request by software 
similar to DREQ. Each channel has a single bit request register which 
cannot be masked. Further, priority is given by the priority encode 
circuit. 

Bit of each register is set or cleared by software and further, 
cleared by generation of TC or external EOF. All registers are cleared 
by reset. In order to set or reset bit, a proper form of data word is 
loaded by software. 

Address codes are shown in Fig. 4. DMA service request by 
software is accepted only when the channels are in the block mode. In 
the memory-to-memory transfer, DMA service request by the software 
command to Channel 0 only becomes valid. 

7 6 5 4 3 2 1 0 <-Bit 


100 Channel 0 is selected. 

101 Channel 1 is selected. 

110 Channel 2 is selected. 

iH Channel 3 is selected. 

I_1 0 Reset of request bit 

|_1 Set of request bit 

Mask Register: 

For each channel, mask bits are allocated to the mask register to 
disable DREQ input. If the auto initialization has not been programmed 
for the channels, the channel corresponding to a mask bit is set when 
EOF is produced. Each bit of the 4-bit mask register is also set or 
cleared by the software command. All bits are also set by reset. This 
will disable all DMA requests until the clear mask register command is 
enabled. 

Command addressing is shown in Fig. 4. 
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7 6 5 

—^^— I 

4 3 

1 1 

2 

1 

1 

0 

;i 

Bit 



X 

1 

1 1 

1 



1 

loo 

Selection of mask 

bit of channel 

0. 



1 



101 

Selection of mask 

bit of channel 

1. 



1 



110 

Selection of mask 

bit of channel 

2. 



1 

1 



111 

Selection of mask 

bit of channel 

*3. 



I 

1 _ 



l“o 

Clear of mask bit 








Li 

Set of mask bit 



All four 

bits of 

the 

mask 

register can be written 

also by a singl 

command. 









7 6 5 

1 1 1 

4 3 

1 1 

2 

1 

1 

0 

j 

Bit 



X 

1 1 

1 

1 

1 

i 

1 

1 

1 

_ 1~0 

Clear of mask bit 

of channel 0. 



1 Set of mask bit of channel 0. 


1 I I_ I 0 Clear of mask bit of channel 1. 

I 1 |__1 Set of mask bit of channel 1. 

II 

I 1_1 0 Clear of mask bit of channel 2. 

1 1_1 Set of mask bit of channel 2. 

1 

I _1 0 Clear of mask bit of channel 3. 

1 1 Set of mask bit of channel 3. 

Status Register 

This register is read out by CPU through the TMP8237A. Status 

information of the TMP8237A at time of readout is included. 
Information as to which channel reaches the terminal count (TC) and 

which channel is pending the DMA request are included in this 

information. Bits 0 to 3 are set every time when a channel reaches TC 

including the auto initialization. 

These bits are cleared by reset or when each status is read out. 
bits 4 to 7 are always set when corresponding channels are requesting 
the DMA service 



<-Bit 


1 Channel 0 
1 Channel 1 
1 Channel 2 
1 Channel 3 
1 Channel 0 
1 Channel 1 
1 Ch anne1 2 
1 Channel 3 


reaches TC. 
reaches TC. 
reaches TC. 
reaches TC. 
request. 
request. 
request. 
request. 
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Temporary Register: 

This register is used for holding data during the memory-to-memory 
transfer. A last word transferred following the end of tranfer is read 
out by CPU that is in the program condition. Unless cleared by reset, 
this register contains the last word transferred during the preceding 
memory-to-memory transfer. 

Software Commands: 

These commands are special software commands which are executed in the 
program condition and do not depend upon the specified bit pattern on 
the data bus. These commands are available in following two commands: 

Clear First/Last flip-flop 

This command is executed prior to write or read of address 
information or word count information of the TMP8237A. Furthermore, 
this command is used when low order or high order 8 bits of register 
are accessed. 

Master Clear 

This software command has the same effect as the hardware reset. The 
command, status, request, temporary, and internal First/Last 
flip-flop registers are all cleared by this command, and the mask 
register is set. 

The TMP8237A enters into the idle cycle. 

Clear Mask Register 

This command clears all mask bits of four channels, enabling 
acceptance of the DMA service requests. 

Address codes of the software commands are shown in Fig. 4. 





signal 












Operation 



A3 1 

A2 

Ai i 

AO 1 

lOR 

low 




> 1 

0 

0 ! 

0 1 

0 

1 

Read of status register 



1 1 

0 

0 1 

0 1 

1 

0 

Write to command register 



1 i 

0 

0 1 

1 1 

0 

1 

- 



1 i 

0 

0 i 

1 1 

1 

0 

Write to request register 



1 1 

0 

1 ! 

0 1 

0 

i 

- 



1 1 

0 

1 1 

0 1 

1 

0 

Bit set, reset of mask register 



1 1 

0 

1 1 

1 1 

1 

0 

- 



1 1 

0 

1 t 

1 1 

1 

0 

! Write to mode register 



1 1 

1 

0 1 

0 ! 

0 

i 1 

! 



1 1 

1 

i 0 i 

0 1 

1 

1 0 

1 Clear First/Last flip-flop 



1 1 

1 

i 0 1 

1 ! 

0 

1 1 

! Read of temporary register 



1 1 

1 

i 0 1 

1 I 

1 

i 0 

1 Master clear 



1 i 

1 

i 1 1 

0 1 

0 

1 1 

i 



1 1 

1 

i 1 1 

0 1 

1 

1 0 

1 Clear mask register 



1 1 

1 

1 1 1 

1 1 

0 

1 1 

1 



1 1 

1 

1 1 1 

1 1 

1 

1 0 

1 All bit write of mask register 



Note) The oblique lined codes denote illegal codes. 


Fig. 4 Register and Function Addressing 
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( 


Internal F/L,F/F 

I Chan- I 


1 



Signa1 



1 


1 

Data 

Bus 

1 

I nel I 

Register 

1 Operation 

1 

1 


1 

1 

1 

1 

1 

(*) 





1 

I I 


1 

csl 

lORllOWl 

A3l 

A2l 

AllAOl 


1 

DBO- 

DB7 

1 

I I 

i i 

Base & Current 

1 

1 Write 

1 

0| 

1 

0 

1 

1 

1 

Ol 

1 

ol 

1 

ol 

1 

ol 

0 

1 

1 

AO 


A 7 

1 

1 

i i 

I I 

Address 

1 

1 

ol 

1 

1 

0 

1 

1 

ol 

1 

ol 

1 

ol 

1 

ol 

1 

0 

1 

1 

A8 

- 

A15 

1 

1 

I I 

I I 

Current Address 

1 

1 Read 

1 

ol 

0 

1 

1 

1 

1 

ol 

1 

ol 

1 

ol 

1 

ol 

0 

1 

1 

AO 


A 7 

1 

1 

I 0 I 

I I 


1 

1 

o! 

1 

0 

1 

1 

1 

ol 

1 

ol 

1 

ol 

1 

ol 

1 

1 

1 

1 

A8 

- 

A15 

1 

1 

I I 

I I 

Base & Current 

1 

! Write 

ol 

1 

0 

1 

1 

1 

ol 

1 

ol 

1 

ol 

1 

ll 

0 

1 

1 

WO 


W 7 

1 

1 

I I 

I I 

Address 

1 

1 

ol 

1 

1 

0 

1 

1 

ol 

1 

Ol 

1 

ol 

I 

11 

1 

1 

1 

1 

W8 

- 

W15 

1 

1 

I I 

I I 

Current Address 

1 

1 Read 

ol 

0 

1 

1 

1 

1 

ol 

1 

ol 

1 

ol 

1 

ll 

0 

1 

1 

WO 

_ 

W 7 

1 

1 

I I 


1 

ol 

0 

1 

1 

ol 

ol 

ol 

11 

1 

1 

W8 

- 

W15 

1 

I i 

Base & Current 

1 Write 

o! 

1 

0 

1 

ol 

ol 

11 

ol 

0 

1 

AO 

_ 

A 7 

1 

I I 

I I 

Address 

1 

1 

ol 

1 

1 

0 

1 

1 

ol 

1 

ol 

1 

ll 

1 

ol 

1 

0 

1 

1 

A8 

- 

A15 

1 

1 

I I 

i i 

Current Address 

1 

1 Read 

ol 

0 

1 

1 

i 

I 

ol 

1 

ol 

1 

11 

1 

ol 

0 

1 

1 

AO 

« 

A 7 

1 

1 

I 1 1 

1 1 


1 

1 

ol 

1 

0 

1 

1 

1 

o! 

1 

ol 

1 

11 

1 

ol 

1 

1 

1 

1 

A8 

- 

A15 

1 

1 

1 1 

1 1 

Base & Current 

1 

1 Write 

ol 

1 

0 

1 

1 

1 

ol 

1 

ol 

1 

ll 

I 

ll 

0 

1 

1 

WO 

- 

W 7 

1 

1 

1 1 

1 1 

Address 

1 

1 

ol 

1 

1 

0 

1 

1 

ol 

1 

oi 

1 

ll 

1 

ll 

1 

1 

1 

1 

W8 

- 

W15 

1 

I 

1 I 

i 1 

Current Address 

1 

1 Read 

1 

ol 

0 

1 

1 

1 

1 

ol 

1 

ol 

1 

ll 

1 

ll 

0 

1 

i 

WO 

- 

W 7 

1 

1 

1 1 


1 

ol 

0 

1 

1 

ol 

ol 

ll 

ll 

1 

1 

W8 

- 

W15 

1 

1 1 

Base & Current 

1 Write 

ol 

1 

0 

1 

ol 

11 

ol 

ol 

0 

1 

AO 

_ 

A 7 

1 

1 1 

1 1 

Address 

1 

1 

ol 

1 

1 

0 

1 

1 

ol 

1 

ll 

1 

ol 

1 

ol 

I 

0 

1 

I 

A8 


A15 

1 

1 

I 1 

1 1 

Current Address 

1 

1 Read 

1 

ol 

0 

1 

1 

1 

1 

ol 

1 

ll 

1 

ol 

1 

ol 

0 

1 

1 

AO 


A 7 

I 

1 

1 2 1 

1 1 


1 

1 

ol 

1 

0 

1 

1 

1 

ol 

I 

11 

1 

ol 

1 

ol 

1 

1 

1 

1 

A8 

- 

A15 

1 

1 

1 1 

1 1 

Base & Current 

1 

1 Write 

1 

ol 

1 

0 

1 

1 

1 

ol 

1 

11 

1 

ol 

1 

ll 

0 

1 

1 

WO 


W 7 

! 

1 

1 1 

1 1 

Address 

1 

1 

ol 

1 

1 

0 

1 

1 

ol 

1 

ll 

1 

ol 

1 

ll 

i 

1 

1 

1 

W8 

- 

W15 

1 

I 

1 1 

1 1 

Current Address 

1 

1 Read 

1 

ol 

0 

1 

1 

1 

1 

ol 

1 

ll 

1 

ol 

1 

ll 

0 

1 

1 

WO 

_ 

W 7 

1 

1 

1 1 


1 

ol 

0 

1 

1 

1 

ol 

11 

ol 

ll 

1 

1 

W8 

- 

W15 

1 

1 1 

Base & Current 

1 Write 

ol 

1 

0 

1 

1 

ol 

ll 

ll 

ol 

0 

1 

AO 

- 

A 7 

1 

1 1 

1 1 

Address 

1 

1 

ol 

1 

1 

0 

1 

1 

ol 

1 

ll 

1 

ll 

1 

ol 

1 

0 

1 

1 

A8 


A15 

1 

1 

1 1 

1 1 

Current Address 

1 

1 Read 

1 

ol 

0 

1 

! 

1 

1 

Ol 

1 

11 

1 

ll 

1 

ol 

0 

1 

1 

AO 


A 7 

1 

1 

1 3 1 

1 1 


1 

1 

ol 

1 

0 

1 

1 

1 

ol 

1 

ll 

1 

ll 

1 

ol 

1 

1 

1 

1 

A8 


A15 

1 

1 

1 1 

1 1 

Base & Current 

1 

1 Write 

1 

ol 

1 

0 

1 

1 

1 

ol 

1 

11 

1 

ll 

1 

ll 

0 

1 

1 

WO 

- 

W 7 

1 

1 

1 1 

1 1 

Address 

1 

1 

ol 

1 

1 

0 

1 

1 

ol 

1 

ll 

1 

ll 

1 

11 

1 

1 

1 

1 

W8 


W15 

1 

I 

1 i 

1 1 

Current Address 

1 

1 Read 

1 

ol 

0 

1 

1 

1 

1 

ol 

1 

ll 

I 

ll 

1 

ll 

0 

1 

1 

WO 

- 

W 7 

1 

1 

1 1 


1 

ol 

0 

1 

1 

ol 

ll 

ll 

ll 

1 

1 

W8 


W15 

.1 


Fig. 5 Word Count, Address Registers 
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Programming 

If HLDA of CPU is inactive it is possible to program the TMP8237A by 
CPU even when HRQ is active. 

However, it is necessary for CPU to take care that programming of 
the TMP8237A and answer of HLDA are taken place simultaneously. 

If requires care when the DMA service is requested to an unmasked 
channel during the programming of the TMP8237A. 

It is considered that an embarrassing trouble may be caused in 
this case. 

For instance, if CPU is going to rewrite the address register of 
channel 2 and in addition, the TMP8237A is enabled and channel 2 is not 
masked when channel 2 received a DMA request. The DMA service will be 
started after one byte of the address register is written. Such a 
problem as exampled above can be taken place. 

To avoid such problems as this, it is better to disable the 
controller or mask unmasked channels before reprogramming any register. 

It is better to enable the controller or clear the masking when 
the programming is completed. 

Example of Program Set (CH2) 


DI 


: Interrupt disable 


OUT 

MCLR 

: Master clear 


MVI 

A, xxxxxxxxB 



OUT 

CMND 

Command register set-up 


MVI 

A, xxxxxxlOB 



OUT 

MODE 

: Mode register set-up 


MVI 

A, 37H 



OUT 

ADR2 

: CH2 Address Reg. (low order) 

MVI 

A, 82H 



OUT 

ADR2 

: CH2 Address Reg. (high 

order) 

MVI 

A, 17H 



OUT 

WCNT2 

: CH2 Word count register 

(low order) 

MVI 

A, 95H 



OUT 

WCNT2 

: CH2 Word count register 

(high order) 

MVI 

A, OOOOOOlOB 



OUT 

MSKB2 

: CH2 Mask clear (single 

bit) 

El 


: Interrupt enable 
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ABSOLUTE MAXIMUM RATINGS 



SIGNAL 

1 

ITEM 

1 RATING 

1 

1 

UNIT 



Tstg 

1 

Storage Temperature 

i -65 

to 

150 

1 

°c 

1 


Topr 

1 

Operating Temperature 

1 0 

to 

70 

1 

°c 

1 

1 _ 

VCC 

1 

Supply Voltage 

I -0.5 

to 

7.0 

1 

V 



VIN 

1 

Input Voltage 

'1 -0.5 

to 

7.0 

1 

V 



PW 

1 

Power Dissipation 

1 

1.5 


1 

w 



DC CHARACTERISTICS 



(Ta = 0°C to 70 

°C, VCC = 5V ± 

5%, VSS 

o 

II 



SYMBOL 

1 PARAMETER 

j CONDTION 

1 MIN. 

TYP. 1 

1 

MAX. 

UNIT 

VOH 

1 

1 Output High Voltage 

1 

1 

1 lOH = -200 A 

1 2.4 

1 

1 

1 



1 lOH = -100 A 

1 (HRQ only) 

1 3.3 

1 

i - . 

1 


V 

VOL 

1 Output Low Voltage 

i lOL = 3.2mA 

1 

1 

- -. 1 

0.45 

V 

VIH 

1 Input High Voltage 

1 

1 2.2 1 

1 .-... 1 

1 

- .. 1 

VCC+0.5 

V 

VIL 

1 Input Low Voltage 

1 

j-0.5 

1 1 

! 1 

0.8 

V 

IIX 

1 Input Load Current 

1 VSS<VI<VCC 

1 I 

1 I 

1 1 

1 . 1 

±10 

A 

lOZ 

1 Output leak Current 

1 0.5V<VO<VCC 


1 1 

1 1 

1 1 

±10 

A 

ICC 

1 Supply Current 

1 

1 

1 1 

! 1 

150 

mA 
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AC CHARACTERISTICS 

Active Cycle (Notes: 2 and 9) [Ta=0^C to 70®C, VCC=5V±5%, VSS=0V] 


ABBR. 

1 

PARAMETER 

1 

MIN. 

MAX. 

1 

UNIT 

TAEL 

T 

CLK = 0(SI) —> AEN = 1 Delay time 

1 


300 

T 

ns 

TAET 

1 

CLK = l(SI) —> AEN = 0 Delay time 

1 


200 

T 

ns 

TAFAB 

T 

CLK = 1 —> ADR floating 

1 


150 

T 

ns 

TAFC 

T 

1 

CLK = 1 —> READ or WRITE floating 

1 

1 


150 

T 

1 

ns 

TAFDB 

T 

CLK = 1 —> DB floating 

1 


250 

T 

ns 


1 


I 



1 


TAHR 

1 

READ = 1 —> ADR hold time 

1 

TCY-100 


1 

ns 

TAHS 

1 

ADSTB = 0 —> DB hold time 

1 

30 


! 

ns 


1 


1 



1 


TAHW 

1 

WRITE = 1 —> ADR hold time 

1 

TCY-50 


1 

ns 


T 

CLK=0 —> Delay time up to DACK effective 1 


250 

1 

ns 

TAK 

1 

1 

CLK=1 —> Delay time up to E0P=1 

r 

1 


250 

1 

1 

ns 


1 

1 

CLK=1 —> Delay time up to EOP=0 

1 

1 


250 

1 

1 

ns 

TASM 

i 

CLK=1 —> ADR stable time 

i 


250 

T 

ns 

TASS 

T 

DB stability —> ADSTB = 0 Set-up time I 

100 


! 

ns 

TCH 

1 

1 

Clock High Level Time (Transition time 
below 10 ns) 

1 

120 


1 

1 

ns 

TCL 

1 

1 

Clock Low Level Time (Transition time 
below 10 ns) 

1 

150 


1 

1 

ns 

TCY 

T 

Clock Cycle Time 

1 

320 


1 

ns 

TDCL 

1 

1 

(Note 

CLK = 1 —> READ = 0 or WRITE = 0 

3)1 

1 


270 

1 

1 

ns 

TDCTR 

1 

1 

(Note 

CLK = 1 —> Delay time up to READ = 

3)1 

1 1 


270 

1 

1 

ns 

TDCTW 

1 

1 

(Note 

CLK =1 —> Delay time up to WRITE = 

3)1 

1 1 


200 

T 

1 

ns 

TDQl 

T 

(Note 

4)1 


160 

T 

ns 

TDQ2 

"1 

CLK = 1 —> HRQ=1 or 0 Delay time 

1 


250 

1 

ns 

TEPS 

1 

i 

EOP = 0 —> CLK = 0 set-up time 

1 

1 

60 


1 

1 

ns 

TEPW 

1 

1 

EOP pulse width 

1 

1 

300 


1 

1 

ns 

TFAAB 

~r 

CLK = 1 —> ADR enable 

i 


250 

T 

ns 

TFAC 

T 

1 

CLK = 1 —> READ or WRITE enable 

1 

1 


200 

1 

1 

ns 

TFADB 

_L 

CLK = 1 —> DB enable 

1 


300 

1 

ns 

THS 

1 

HLDA =1 —> CLK = 1 set-up time 

1 

100 


1 

ns 


T 


1 

i 


T 


TIDH 

1 

MEMR = 1 —> Input data hold time 

1 

0 ! 

• 

1 

ns 

TIDS 

1 

i 

Input data —> MEMR ~ 1 set-up time 

1 

1 

250 ’ 


i 

1 

ns 


1 


1 



1 


TODH 

1 

MEMW =1 —> Output data hold time 

1 

20 


1 

ns 

TODV 

T 

1 

(Note 

Output data stability —> MEMW = 1 

m 



T 

1 

ns 

TQS 

U 

■.U.J.I I.I.IXIII.M 11|| ||| 11 ■! m 1 

0 


T 

ns 

TRH 

1 

CLK = 0 —> READY == 0 hold time 

1 

20 


T 

ns 
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ABBR. 

i 



PARAMETER 


1 

MIN. 

1 MAX. 

1 UNIT 

TRS 

1 READY 

= 

0 —> 

CLK = 0 set- 

up time 

1 

100 

1 

1 ns 

TSTL 

1 CLK = 

1 

— > 

ADSTB = 1 

Delay time 

1 


1 200 

1 ns 

TSTT 

1 CLK = 



ADSTB = 0 

Delay time 

1 


1 140 

1 ns 


Program Condition (Idle Cycle) (Notes: 2, 8 and 9) 
[Ta=0®C to 70°C, VCC=5V±5%, VSS=0V] 


ABBR. 


PARAMETER 


MM IN. 


MAX. 


UNIT 


TAR 


ADR Stability or CS = 0 —> READ = 0 


50 


TAW 


ADR Stability —> WRITE = 1 set-up time 


200 


TCW 


CS = 0 —-> 


WRITE = 1 set-up time 


200 


TDW 


Data stability -> WRITE = 1 set-up time 


200 


TRA 


READ = 1 “■“> 


ADR or CS hold time 


TRDE 


READ = 0 —> 


Data stability 


(Note 7) 


200 


TRDF 


READ = 1 —> 


DB floating 


20 


100 


TRSTD 


POWER ON —> 


Reset = 0 set-up time 


500 


TRSTS 


Reset 




First lOWR = 0 


2TCY 


TRSTW 


Reset pulse width 


300 


TRW 


READ pulse width 


300 


TWA 


WRITE = 1 —> 


ADR hold time 


20 


TWC 


WRITE = 1 —> 


CS = 1 hold time 


20 


TWD 


WRITE = 1 —> 


Data hold time 


30 


TWWS 


WRITE pulse width 


200 


TAD 


CS = 0, address stability —> 
_ Data stability access time 


300 


Capacity (Ta=25°C, VCC=GND=0V) 


SYMNOL 


PARAMETER 

1 TEST CONDITION 

1 MIN. 

1 TYP. 

1 

MAX. 

1 UNIT 

CO 

1 

Output Capacitance 

1 

1 fc = 1.0 MHz, 

1 Input = OV 

1 

1 

j 

1 

8 

1 pF 

Cl 

1 

Input Capacitance 

1 

1 

1 

1 

15 

CIO 

1 

I/O Capacitance 

1 

1 

1 

1 

1 

1 

20 
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1 


/ 


, TWWS 1 

low - 

X_ 

1 

J 


I TWA 


1 _ TAW 

1 



INPUT VALID 

u 



TDW — 

' 1 TWD 

1 


F-^ 

^ INPUT VALID 

XXXXX'XX) 


Timing Diagram 1 Program Condition Write Timing 








ADDRESS VALID 






. TEA 


DATA OUT VALID 




Timing Diagram 2 Program Condition Read Cycle 
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DACK ----f/- 


READ- if - 


WRITE- ^ - 


INT EOF 


EXT EOF 


TED CIRCUIT 


IICAL DATA 


TMP8237AP 













INTEGRATED CIRCUIT 








integrated circuit 


TOSHIBA 

TMP8237AP 

TECHNICAL DATA 



Timing Diagram 6 Ready Timing 



Note 1. TYP value is that when rated voltage is applied at Ta = 25 °C. 

Note 2. Test conditions; a) Unless otherwise specified, timing defining 

signal voltages are; 

Input High level = 2.AV, Low level = 0.45V 

Output High level = 2.0V, Low level = 0.8V 

b) Input rising and falling times are below 20 ns. 

c) Unless otherwise specified, 1 x TTL gate and 
150 pF load are provided to output. 

Note 3. Normal write pulse width is TCY-100 ns. Extension write pulse width 
is 2TCY~100 ns. Read pulse width is 2TCY--50 ns, and shorted read 
pulse width is TCY-50 ns. 

Note 4. TDQ is measured at two different high levels. 

TDQl = 2.0V, TDQ2 = 3.3V 

Note 5. It is necessary to keep DREQ active until DACK is received. 

Note 6. Both low active and high active level are available for DREQ and 
DACK. 
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Note 7. Output load of the data bus are provided with 1 x TTL gate and 15 pF 

as the minimum value, and 1 x TTL gate and 150 pF as the maximum 

value. 

Note 8. 600 ns are required for active read or write pulse recovery time at 

time of program condition. 

Note 9. Signal READ and WRITE are lOR and MEMR for the DMA operations from 

peripheral devices to the memory. In the DMA op erations from 

memory to peripheral devices, they are MEMR and lOW. 

Note 10. When N state wait is added at time of write to memory in the latter 
half of memory-to-memory transfer, this parameter increases by N 
(TCY) at a time. 
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TMP8237AP 


Example of Application Circuit 

The connecting method of the TMP8237A and CPU is shown in Fig. 7 

The multi-mode DMA controller outputs a hold request whenever valid 
DMA request is produced from peripheral device. When CPU answers by the 
hold acknowledge signal, the TMP8237A receives the control right of the 
address bus, data bus, and control bus. In the first transfer, address 
(low order 8 bits of the address bits and high order 8 bits on the data 
bus) is output. 

The content of the data bus is latched by the 8-bit latch 
(TC74HC373P) to make the address bus complete. After execution of the 
first transfer, that latched data is updated only when carry or borrow is 
produced on the low order address byte. 

When one TMP8237A is used, four DMA channels are provided. 



Fig. 7 Basic System Connection Diagram 
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TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 
TMP82C79P-2/TMP82C79F-2 
SILICON MONOLITHIC CMOS SILICON GATE 


PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 
GENERAL DESCRIPTION 

The TMP82C79P-2/F-2 (hereinafter referred to as TMP82C79) is a programmable 
keyboard/display interface chip. The keyboard portion can provide a scanned 
interface to a 64-contact key matrix. Also, the keyboard portion will 
interface to an array of sensors or a strobed interface keyboard. Key 
depressions can be 2-key lockout or N-key rollover. The display portion has 
16 X 8 bits display RAM which can be organized into dual 16 x 4 bits. Both 
right entry and left entry display formats are possible. 


FEATURES 


o Simultaneous Keyboard Display operation is possible, 
o Scanned Keyboard mode, 
o Scanned Sensor matrix mode, 
o Strobed Input Entry mode, 
o 8-Character FIFO is built in. 

o 2 Key Lockout or N-key Rollover with contact De-bounce is programmable, 
o 16 x 8 bit Display RAM is built in. 
o Scan timing is programmable. 

o Extend operating temperature -40 C to +85 C. 


PIN CONNECTION 


RL2 C 
RL3 C 
CLK C 
IRdC 
RL4 C 
RL5 C 
RL6C 
RL7 C 
RESET C 

Wr C 
DBOC 
DBIC 
DB2 C 
DB3C 
I)B4C 
DB5C 
DB6C 
DB7C 
Ves(OND)c 


TMP82C79P-2 


40 

39 

38 

37 h 
36 3 
35 □ 
34 □ 
33 D 
32 3 
31 3 
30 3 
29 3 
28 □ 
27 □ 

26 p 

25 


24 

23 

22 

21 P 


^CC 

RLl 

RLO 

CNTVSTB 

SHIFT 

SL3 

SL2 

SLl 

SLO 

OUT BO 
OUT B1 
OUT B2 
OUT B3 
OUT AO 
OUT A1 
OUT A2 
OUT A3 
BD 
CS 
AO 


(/3(/3bO(/dOOOOOOO 



pin 17 and Pin 39 must be connected to Vcc 
or must be open. 

NC: No connection 


-555 — 






TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


BLOCK DIAGRAM 


TMP82C79P-2/F-2 


IHCi 


AO 

Wr 


DB0~7 

RESET 

CLK 



PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 

Gound 

VCC (Power Supply) 

+5V during operation 

DBO “ DB7 (Input/Output) 

Bidirectional Data Bus. All data and commands are transferred via this 
data Bus. 
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CLK (Input ) 

CLOCK from system used to generate internal timing. 

RESET (Input) 

A high signal on this pin resets the TMP82C79. After being reset the 
TMP82C79 is placed in the following state. 

(1) 16 X 8 bit character display, left entry. 

(2) Encode scan keyboard, 2 key lockout, clock pre-scale value is 
set to 31H. 

CS (Input) / _ 

A low on this pin enables RD and WR communication between the CPU and the 
TMP82C79. 

AO (Input) _ _ _ 

This input acts in conjunction with the CS, WR and RD pins. a high on 
this pin indicates the signals on data bus are interpreted as command or 
status. A low indicates they are Data. 

WR (Input) ___ 

A low on this pin when CS is low enables the TMP82C79 to accept command or 
data from the CPU. 

RD (Input) _ 

A low on this pin when CS is low enables the TMP82C79 to send data to data 
Bus. 

IRQ (Output) 

Interrupt request output. In a keyboard mode, the interrupt line is high 
when there is data in the FIFO/Sensor RAM. The interrupt line goes low 
with each FIFO/Sensor RAM read and returns high if there is still 
information in the RAM. In a sensor mode, interrupt line goes high 
whenever a change in a sensor is detected. 

SLO - SL3 (Output) 

Scan lines which are used to scan the key switch or sensor matrix and the 
display digits. These lines can be either encoded (1 of 16) or decoded (1 
of 4). 

RLO - RL7 (Input) 

Return lines which are connected to the scan lines through the key or 
sensor switches. They have internal pullups to keep them high until a 
switch closure pulls one low. They also serve as an 8-bit input in the 
Strobed Input mode. 

SHIFT (Input) 

This input status is stored along with the key position on key closure in 
the Scanned key board modes. It has internal pullup to keep it high until 
a switch closure pulls it low. 
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CNTL/STB (Input) 

For Keyboard inodes this line is used as a control input and stored like 
status on a key closure. The line is also the strobe line that enters the 
data into FIFO in the Strobed Input mode (Rising Edge). It has an 
internal pullup to keep it high until a switch closure pulls it low, 

OUTAO - 0UTA3 (Output) 

OUTBO - 0UTB3 (Output) 

These two ports are the outputs for the 16 x 4 display refresh registers. 
The data from these outputs is synchronized to the scan lines (SLO - SL3) 
for multiplexed digit displays. The two 4 bit ports may be blanked 
independently. These two ports may also be considered as one 8-bit port. 

BD (Output) 

This output is used to blank the display during digit switching or by a 
display blanking command. 


FUNCTIONAL DESCRIPTION 
[BLOCK DESCRIPTION] 

I/O Control and Data Bus Buffer 

The I/O control section uses the CS, AO, ^ and WR lines and controls the 

flow of data to and from various internal registers and buffers. CS input 

enables the all data flow to and from the TMP82C79. The character of the 

information given by the CPU, is identified by AO. 



CS 

1 

1 

AO 

"T 

1 

RD 

x 

1 

WR 

X 

1 

Functions 



0 

T 

0 

T 

0 

X 

1 

X 

Read Data 



0 

"T 

0 

T 

1 

X 

0 

X 

Write Data 



0 

1 

1 

T 

0 

X 

1 

X 

Read Status word 



0 

nr 

1 

T 

1 

X 

0 

X 

Write Command word 



1 

T 

X 

T 

X 

X 

X 

1 

High-impedance state 



RD and WR decide the direction of data flow through the data bus buffer. 
The data bus buffer is bidirectional buffer which is used for connecting 
the internal bus and a system bus. When CS is high, the buffer is in a 
high impedance state. 

Control Register, Timing Register and Timing Control Circuit 

The keyboard and display modes and other operating conditions are 
programmed by the CPU. These modes are latched at the rising edge of WR 
when AO is high. The timing control contains the basic counter chains. 
The first counter is the 1/N prescaler that can be programmed to yield an 
basic internal frequncy. In case of lOOkHz basic internal frequency, it 
gives a 5.1 mS keyboard scan time and a 10.3 mS debounce time. The other 
counters divide down the basic internal frequency to provide the proper 
key scan, row scan, keyboard matrix scan and display scan times. 
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Scan Counter 

Two modes are available for the scan counter. In the encode mode, the 
counter provides a binary count that must be externally decoded to provide 
the scan lines for the key board and display. In the decode mode, the 
scan counter decodes the least significant 2 bits internally and provides 
a decoded 1 of 4 scan. It is necessary to pay attention on the fact,that 
only first 4 characters in the Display RAM are displayed. 

Return Buffer and Keyboard Devounce Control circuit 

The 8 return lines are latched by the return buffer. In the Keyboard 
mode, these lines are scanned to look for key closures in a row. If the 
debounce circuit detects a closed switch, it waits about 10 mS, and checks 
if the switch remains closed. If it does so, address of the switch in the 
matrix is transferred to the FIFO along with the status of SHIFT and CNTL 
lines. 

In the scanned Sensor Matrix Modes, the contents of the return lines are 
directly transferred to the corresponding row of the sensor RAM (FIFO) 
each scan time. 

In the Strobed Input Mode, the contents of the return lines are 
transferred to the FIFO on the rising edge of the CNTL/STB line pulse. 

FIFO/Sensor RAM and FIFO/Senser RAM Status 

The FIFO/Sensor RAM is a dual function RAM. In the keyboard mode or In 
the Strobe Input mode, this FIFO/Sensor RAM serves as a FIFO. The FIFO 
status shows whether the FIFO is empty or full and keeps track of the 
number of characters in the FIFO. In addition, there is a flag to show an 
error in the case where too many reads or writes is recognized. The FIFO 
status can be read at CS = RD = 0, AO = 1. The FIFO status logic provides 
an IRQ signal when the FIFO is not empty. In the scanned sensor matrix 
mode, the memory serves as a sensor RAM. IRQ becomes high when a change 
in the sensor is detected. 

Display Address Registers and Display RAM 

The display address registers hold the address of the word currently being 
written or read by the CPU and the two 4 bit nibbles being displayed. The 
Display RAM stores data for display outputs. The read/write addresses are 
programmed by the CPU command. They also can be programmed to auto¬ 
increment after read or write. The Display RAM can be directry read out 
by the CPU after mode and address is set. The A and B nibbles of the 
Display RAM are outputted to the Display Outputs A and B synchronously 
with scan signals (SLO - SL3). The A and B nibbles can be entered 
independently or as one word by the CPU command. 
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[COMMAND DESCRIPTION) 

Keyboard/Display Mode Set 

D7 D6 D5 D4 D3 D2 Dl DO 
iOlOlOlDlDlKlKlKl 





1 

1 


1 1 1 


1 




1 


1 1 1 


1 

1 





1 1 1 


1 




1 


1 1 


1 

I 

Display Mode 


1 

1 

1 


1 

1 



1 

1 1 



10 

ToT 

8x8 bit character 

display - 1 

*1^ 

o 

o 

Encoded Scan Keyboard - 


1 

11 

Left entry 

i 

1 1 

1 1 

2-Key Lockout 


*10111 

16 X 8 bit character 

display -i 

lol 

■oTIT 

Decoded Scan Keyboard - 


1 

11 

Left entry 

1 

1 1 

1 1 

2-Key Lockout 


11 


8x8 bit character 

display - | 

lol 

mr^ 

Encoded Scan Keyboard - 


1 

11 

Right entry 

1 

1 1 

1 1 

N-Key Rollover 


u 

nr 

16 X 8 bit character 

display -1 

1^ 

iiii 

Decoded Scan Keyboard - 


1 

11 

Right entry 

1 

1 1 

1 1 

N-Key Rollover 






11 

oloi 

Encoded Scan Sensor Matrix 


* 

Default after Reset 


111 

Olll 

Decoded Scan Sensor Matrix 






in 
1 1 

llol 

1 1 

Strobed Input, Encoded 
Display Scan 






in 

1 

nil 

1 1 1 

Strobed Input, Decoded 
Display Scan 



Program Clock 

D7 D6 D5 D4 D3 D2 Dl DO 
lOlOlllPlPlPlPlPl 


The TMP82C79 generates all timing and multiplexing signals by means of the 
internal prescaler. The prescaler generates internal reference clocks by 
dividing an external clock by a programmable value PPPPP. Any number of 
ranging from 2 to 31 can be set as a prescaler value. When this value is 
set to 0 or 1, it is interpreted to be 2. If the internal reference clock 
is set to 100 kHz, it is possible to obtain 5.1mS keyboard scan time and 
10.3mS debounce time. The value PPPPP is set to 31 after reset, but 
cannot be changed by the Clear command. 


Read FIFO/Sensor RAM 
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D7 D6 D5 D4 D3 D2 D1 DO 
lOlllOlAllXiAlAlAl X=don't care 


If this command is written, the subsequent data reads are set up for the 
FIFO/Sensor RAM. Auto-increment flag (AI) and the RAM address bits AAA 
are valid only in Senser Matrix Mode. The address bits AAA select one of 
the 8 rows of the Sensor RAM. If AI = 1, the RAM address is incremented 
after each successive read. The Auto-incremented flag does not affect the 
auto-increment of the Display RAM. 


Read Display RAM 


D7 D6 D5 D4 D3 D2 D1 DO 
lOlllllAllAlAlAlAl 


If this command is written, the subsequent data reads are set up for the 
Display RAM. The address bits AAAA select one of the 16 rows of the 
Display RAM. If AI = 1, the address is incremented after each read or 
write to the Display RAM. Since the same counter is used for both reading 
and writing, this command sets the next read or write address and the 
sense of the Auto-increment for both operation. 


Write Display RAM 


D7 D6 D5 D4 D3 D2 D1 DO 
|1|0|01ai|a|a|a|a| 


If this command is written, the subsequent data writes are set up for the 
Display RAM. Note that writing this command does not switch the source of 
the subsequent data reads. The address register of the Display RAM is 
same for read/write operations. The addressing and Auto-increment 
function are identical to those for the Read Dispaly RAM. 


Display Write Inhibit/Blanking 


D7 D6 D5 D4 D3 D2 D1 DO 
I 1 I 0 I 1 I X I IWA I IWB I BLA I BLB I X^don't care 
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The IWA or IWB bit can be used to mask A nibble or B nibble for entering 
the Display data independently. The BLA or BLB flag is available for the 
nibble A or B to blank the display. In the case where the Display Outputs 
are used as separate 4-bit display ports, the IWA or IWB bit is useful so 
as not to affect the other display port when the CPU writes a word to the 
display RAM. The BLA or BLB bit is used for blanking the display 
independently without giving any affect to the other 4-bit display port. 
The blank code is determined by the last Clear command that has been 
programmed after reset. If the Display Output is used as an 8-bit port, 
it is necessary to set both BLA and BLB bits for blnaking the display. 
Then BD signal becomes low. 

D7 D5 D5 D4 D3 D2 D1 DO 


A3 A2 A1 AO B3 B2 B1 BO 
Correspondence between Display Output and Data Bus 


Clear 


D7 D6 D5 D4 D3 D2 D1 DO 


1 1 1 1 I 0 1 CD 1 CD I CD 1 CF I CA i 


The CD bits are used to clear all rows of the Display RAM to the following 
code shown below. 

(D4) (D3) (D2) 

CD CD CD 

1 0 X All Zeros (X = Don’t Care) 

1 1 0 — All Hex 20H (0010 0000) 

1 1 1 All Ones 

0 X X - not clear display if CA = 0 

1__ Enable clear display when CD-I (or by CA = 1) 

While the Display RAM is being cleared, it may not write to the Display 
RAM. The MSB bit of the FIFO status word is set during this time. If the 
CF bit is set to ”1”, the FIFO status is cleared and the interrupt request 
output (IRQ) is reset. Also, the Senser RAM pointer is set to the row 0. 

The CA bit has the combined effect of the CD bit and CF bit. It enables 
clear display code to the Display RAM and also clears the FIFO status. 
Furthermore, it re-synchronizes the internal timing chains. 
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END Interrupt/Error Mode Set 


D7 D6 D5 D4 D3 D2 D1 DO 
I 1 I 1 1 1 I E I X I X I X I X 1 X: don't care 


In the Sensor Matrix mode, this command loweres the IRQ line and enables 
writing to the sensor RAM. This means that a write to the Sensor RAM is 
inhibited when IRQ line is high. If the E bit is set to "1", the S/E bit 
of the FIFO status becomes *'i" when any one of the sensor switches is 
closed. If E = 0, the S/E bit is always "0”. In the N-Key Rollover mode, 
if the E bit is programmed to '*1”, the Special Error mode will be 
resulted. 


FIFO status 


D7 

D6 

D5 

D4 

D3 

D2 

D1 DO 


Du 

S/E 1 

0 1 

0 1 

F 1 

N 1 

N 1 N 1 X; don 

t care 

1 

1 

1 

1 

1 1 


1 


1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1_ 

Number of characters 
FIFO Full 

in FIFO 

1 

1 

1 

1 



Error-Under run 


1 

1 

1 




Error-Overrun 


1 

1 





Sensor Closure/Error 

Flag for 

1 

1 






Multiple Closures 
Display unavailable 



Du : indicates that the Display RAM was unavailable because a Clear 
Display or Clear All command has not completed its clearing 
operation. 

S/E : In a Sensor Matrix modes if the E bit of END Interrupt/Error Mode Set 
is programmed to "O”, this S/E bit is set to indicate that at least 
one sensor closure indication is contained in the Sensor RAM. 

In Special Error Mode, this S/E bit is showing the error flag and 
serves as an indication to whether a simultaneous multiple closure 
error has occurred. 

0 : indicates that the entry of another character into a full FIFO was 

attempted• 

U : indicates that the CPU tried to read an empty FIFO. 

F : indicates that the FIFO is full of the eight characters. 

NNN : indicates number of characters in the FIFO when in the Keyboard Mode 
or in the Strobe Input Mode. 
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[INTERFACE WITH KEYBOARD] 


Scanned Keyboard, 2~key LOCKOUT 

In this mode, if one key only is kept depressed during one debounce cycle 
(2 times of the key scan cycle), the key is recognized. When a key is 
depressed, the debounce logic is set and the other depressed keys are 
checked during the next two scan cycle. If none are encountered, it is a 
single key depression and the key position is entered into the FIFO along 
with the status of CNTL and SHIFT lines. If another depressed key are 
encountered, operates as follows. 

KEY 1 


KEY 2 

KEY 3 


Fig. 1 Example of a case where a first depressed 
key is continuously kept to the last 


r“ 


"V ^ 


Y 


Y 


1 DEBOUNCE CYCLE 




TT 


KEY 1 

KEY 2 

KEY 3 


V—V V V ^ 

-V V 

"~V V V 


Debounce logic is set 

Entered to FIFO 

Fig. 2 Example of a case where all depressed keys 
are ignored 

As shown in Fig. 1, if all other keys are released before the first 
depressed key, the first depressed key is recognized. As shown in Fig. 2, 
if the first depressed key is released within one debounce cycle after the 
other keys was released, then all keys are ignored. 

Scanned Keyboard, N-key Rollover 

In this mode, each key depression is independently treated from all 
others. In the 2-key lockout mode, if a key is depressed, the debounce 
logic is set. If other keys are depressed within orte debounce cycle after 
it, the debounce logic is set again. The first depressed key is ignored. 
In the N-key Rollover mode, if a key is depressed waits one debounce cycle 
and then checks if the key is still down. If it is, the key is entered 
into the FIFO even if other keys are depressed. 
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KEY 1 

KEY 2 

KEY 3 


IT 


1 DEBOUNCE CYCLE 




IT 


IT 


Y 


IT 


IT 


TT 


IT 


u -u -U 



-u- 

1 DEBOUNCE CYCLE 



Fig. 3 Example of 3 keys being pushed simultaneously 

In the example as shown in Fig, 3, the debounce circuit starts by Key 1, 
and checks if the key is still down after one debounce cycle. If it is, 
Key 1 is recognized and Key 2 is ignored not to be depressed for one 
debounce cycle. 

Special Error Mode (N - Key Rollover) 

This mode is set if the E bit of the End interrupt/error Mode Set command 
is programmed to *'l". In the normal N~Key Rollover Mode, the key 
information is entered to the FIFO according to the key scan timing even 
if a simultaneous multiple depressin occures during one debounce cycle. 
In the Special Error Mode, if a simultaneous multiple depression occurs 
during one debounce cycle, sets the error flag (the S/E bit of the FIFO 
status word) to "1”. This flag prevents any further writing into the FIFO 
and will set interrupt request (IRQ). The S/E bit is cleared if the 
normal Clear command is written with CF = 1. 

Sensor Matrix Mode 

In Sensor Matrix Mode, the debounce circuit does not operate. The status 
of the sensor switch is inputted directly to the Sensor RAM. The CPU can 
only know a validated closure in the keyboard mode, however this mode has 
such advantage that the CPU knows how long the senror was closed and when 
it was released. If there is any change in the sensor value at the end of 
the sensor matrix scan, the IRQ line goes high. The IRQ line is cleared 
by the first data read if the Auto-increment flag is "0" or by the End 
Interrupt/Error Mode Set command if AI = 1. 

Strobe Input Mode 

In Strobe Input Mode, the debounce circuit does not operate. The data is 
inputted into the FIFO from the return lines at the rising edge of 
CNTL/STB Signal. When the data is entered into the FIFO, the IRQ line 
goes high. The functions of the FIFO and the FIFO status in this mode are 
same as those in the keyboard mode. 
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[DATA FORMAT] 
Keyborad Mode 


D7 D6 D5 D4 D3 D2 D1 DO 
I CNTLiSHIFTi SCAN I RETURN 


In this mode, the Data Format of the character entered into the FIFO is as 
follows. The MSB is the status of CNTL/STB line and the next MSB shows 
the status of SHIFT line. The next three bits are from the scan counter 
and indicate the row the key was found in. The last three bits are from 
the column counter and indicate to which return line the key was 
connected. 

Sensor Matrix Mode 


D7 D6 D5 D4 D3 D2 D1 DO 
I RL7 I RL6 I RL5 1 RL4 I RL3 | RL2 | RLl 1 RLO 1 


In this mode, the data on return lines is inputted in the row of the 
Sensor RAM in order according to the scan. The data is entered even if 
there is no change in the status of the sensor matrix switches. Each 
switch position maps to a Sensor RAM position. CNTL and SHIFT signals are 
ignored. 


Strobe Input Mode 


D7 D6 D5 D4 D3 D2 D1 DO 
I RL7 I RL6 1 RL5 1 RL4 | RL3 | RL2 | RLl 1 RLO 1 


In this mode, the data on return lines is entered into the FIFO at the 
rising edge of CNTL/STB signal. 


[INTERFACE WITH DISPLAY] 
Left Entry 
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In Left Entry mode, address 0 of the Display RAM is the left-most side of 
the display and address 15 (address 7 in the case of 8-character display-) 
is the right-most side. when characters are inputted on to the display 
RAM with the auto increment mode from address 0 of the display RAM, 
Characters are filled from the left-most position of the display. The 
17th (or 9th) character is placed in the left-most position again. 
Address of the display RAM corresponds directly to each display positon of 
the display, and so its position does not change every entry. 

Display RAM 
<— Address —> 



0 

1 

14 

15 


0 

1 

2 

3 

4 

5 

6 

7 

1st 1 

1 1 1 

1 

1 1 

i 1 

1st 1 

~T 

1 

1 1 

1 

1 


1 1 


entry 

0 

1 

14 

15 

entry 

0 

1 

2 

3 

4 

5 

6 

7 

2nd 1 

1 1 1 

XI 

1 1 

: 1 

2nd 1 

'T 

1 2 

1 1 

1 

1 


1 1 


entry 





entry 










0 

1 

14 

15 

Command 

0 

1 

2 

3 

4 

5 

6 

7 

16th ! 

1 1 1 

2 1 

1 151 

LHi 

entry 1 

“T 

1 2 

1 1 

1 

1 


1 1 


entry 





(10010101) 

Entry 

Auto 

from Address 5 
increment mode. 

with 



0 

1 

14 

15 


0 

1 

2 

3 

4 

5 

6 

7 

17th 

1 171 

2 1 

TT5\ 

lui 

3rd 1 


1 2 

1 1 

1 

1 

T 

1 1 


entry 

0 

1 

14 

15 

entry 

0 

1 

2 

3 

4 

5 

6 

7 

18th ^ 

1 17| 

181 

1 15j 

mi 

Ath 1 


1 2 

1 1 

1 

1 

T 

1 4 1 


entry 





entry 










Right Entry 

In Right Entry, the first entry is from the right-most position. Address 
of the Display RAM does not correspond to the display position. 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

1 ITEM 

r 

I 

RATING 

VCC 

1 VCC Supply Voltage (with respect to 

■■ .." 1 

VSS(GND)1 

1 

-0.5V to +7.0V 

VIN 

1 Input Voltage (with respect to VSS 

(GND) 1 

-0.5V to VCC +0.5V 

VOUT 

1 Output Voltage (with respect to VSS 

(GND) 1 

.1 

-0.5V to VCC +0.5V 

PD 

1 Power Dissipation 

1 

r 

1 

1 

250 mW 

Tsoi 

1 1 ■ 

1 Soldering Temperature(soldering time 10 sec)I 

1 1. 

260°C 

Tstg 

1 

1 Storage Temperature 

i 

- . 1 

-65°C to +150°C 

Topr 

1 - — - - - — - - - — ■ ■ 

i Operating Temperature 

1 

1 

-40°C to +85°C 


D.C. ELECTRICAL CHARACTERISTICS (Ta=~40 to +85 C, VCC=VSS (GND)=0V) 


SYMBOL 

1 PARAMETER 

1 CONDITION 

MIN.ITYP 

.1 MAX. 

lUNIT 

1 

VILl 

1 Input Low Voltage (RLO - RL7) 

1 

j 

-0.5| 

1 1.4 

1 

1 

V 

VIL2 

1 Input Low Voltage (Others) 

1 

-0.5j 

1 0.8 

1 

V 

VIHl 

1 Input High Voltage (RLO - RL7) 

1 

1 

2.2l 

1VCC+0. 

5| 

V 

VIH2 

1 Input High Voltage (Others) 

■ 1 

1 

2.2| 

1VCC+0. 

5i 

V 

VOL 

1 Output Low Voltage 

1 IOL=2.2mA 

1 

1 0.45 

1 

V 

VOHl 

1 Output High Voltage 

1 IOH=-400uA 

1 


1 

1 

V 

VOH2 

1 Output High Voltage 

1 

1 10H=-100uA 

1 

vcci 

-0.8| 

1 

1 

1 

1 

V 


1 Input ILeak Current 

1 (SHIFT, CNTL, RLO - RL7) 

‘ 1 

1 VIN=VCC 1 

1 

1 +10 

1 

1 


IILl 

1 VIN=2.4V 

1 , ... .. . .. i 

1 1 

-101 -301 

1 1 

i 

uA 


1 VIN=0V 

i 

1 

1 -100 

1 


IIL2 

1 Input Leak Current (Others) 

i0V<VIN<VCC 

1 

1 

1 +10 

1 

uA 

lOFL 

1 Output Leak Current 

|0.45<VOUT 

1 =<VCC 

1 

1 

1 

I +10 

1 

1 

uA 

ICC 

1 Supply Current Operating 

1 Supply Current 

|VIH=VCC-0.2 
|V,VIL=0.2V 
|fc=5MHz 1 

1 

1 

1 

1 5 

1 

1 

1 

1 

1 

mA 
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INPUT CAPACITY 


PARAMETER 


CONDITION IMIN. |TYP. |MAX. I UNIT I 


I CIN I Input Capcity 


COUT i Output Capacity 


fc=lMH2 Unmeasured | 
Pins returned to 1- 

vss. I 


10 I pF, 


10 I 20 


A.C. ELECTTRICAL CHARACTERISTICS (Ta=~A0 to +85 C, VCC=5.0V+10%,VSS(GND)=0V) 


PARAMETER 


MIN.I TYP.I MAX.I UNIT 


Address Set up Time (RD ) 


Address Hold Time (RD ) 


RD Pulse Width 


Valid Data (RD ) 


120 I ns 


Address to Valid Data 


185 ! ns 


Data Floating (RD ) 


85 i ns 


! Read cycle Time 


Address Set up Time (V7R ) 


Address Hold Time (WR ) 


WR Pulse Width 


Data Set up Time (WH ) 


Data Hold Time (V7R ) 


Write Cycle Time 


CLK Pulse Width of High Level 


CLK Pulse Width of Low Level 


Clock Period 


* TEST CONDITION CL = 150pF 
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TMP82C79P-2/F-2 
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PROGRAMWBLE KEYBOARD/DISPLAY INTERFACE 
GENERAL DESCRIPTION 

The TMP8279-5 is a progammable keyboard/display interface chip designed for use 
as the TLCS-85A microcomputer peripher.il. Tlie keyboard portion can provide a scan¬ 
ned interface to a 6A-contact key matrix. Also, the keyboard portion will interface 
to an array of sensors or a strobed interface keyboard. Key depressions can be 
2-key lockout or N-key rollover. The display portion has 16x8 bits display RAM 
which can be organized into dual 16x4 bits. Both right entry and left entry display 
formats are possible. 


FEATURES 

o Sumulataneous Keyboard Display operation is possible, 
o Scanned Keyboard mode, 
o Scanned Sensor Matrix mode. 

® Strobed Input Entry mode, 
o 8-Character FIFO is built in. 

o 2 Key Lockout or N-key Rollover with contact De-bounce is programmable. 
® 16 X 8 bit Display RAM is built in. 
o Scan timing is programmable, 
o Compatible with INTEL 8279-5. 


PIN CONNECTION 


PIN NAME 


RL2 C 
RL3 C 
CLK C 
IRCi C 
RL4 C 
RLi) C 
RL6 C 
RL7 C 
RESET C 
Rb 0 
WH C 
DBG C 
DBl C 
DB2 C 
DB3 C 
DB4 C 
UBd C 
DBo C 
DB7C 

vssd 




40 □ 
39 J 
38 J 
37 □ 


3b 

□ S HI FT 

30 

□ SL3 

34 

□ SL2 

33 

□ SLl 

3*. 

3 SLO 

TMP82';yP-5 31 

□ OUT BO 

30 

□ OUT B1 

21^ 

□ OUT B2 

28 

□ OUT B3 

27 

□ OUT AO 

Zc 

□ OUT A1 

20 

3 OUT A2 

24 

□ OUT A3 

23 

□ BD 

22 

□ cs 


'CG 


Vc 

RLl 

RLO 

CNTI>/STB 


2i □ AO 


DBO - DB7 

8-bit Bidirectional data bus 

CLK 

Clock input 

RESET 

Reset input 


Chip select input 

RD 

Read input 

WR 

Write input 

AO 

Command/data control input 

IRQ 

Interrupt request output 

SLO - SL3 

Scan lines 

RLO - RL7 

Return lines 

SHIFT 

Shift input 

CNTL/STB 

Control/strobe input 

OUTAO - A3 

Display (A) outputs 

OUTBO - B3 

Display (B) outputs 

WD 

Blanking display output 

Vcc 

+5V 

Vss 

Ground 
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CLK (Input) 

CLOCK from system used to generate internal timing. 

RESET (Input) 

A high signal on this pin resets the TtfP8279 . After being reset the 
TMP8279 is placed in the following state. 

( 1 ) 16x8 bit character display, left entry. 

(2) Encode scan keyboard, 2 key lockout, clock pre-scale value is set to 31H. 
CS (Input) 

A low on this pin enables RD and WR communication between the CPU and the 
TMP8279-5. 

AO (Input) 

This inputs acts in conjunction with the 1!^, WR and RD pins. A high on this 
pin indicates the signals on data bus are interpreted as command or status. 

A low indicates they are Data. 

WR (Input) 

A low on this pin when CS is low enables the TMP8279 to accept command or 
data from the CPU. 

RD (Input) 

A low on this pin when CS is low enables the TTIP8279 to send data to data 
Bus. 

IRQ (Output) 

Interrupt request output., In a keyboard mode, the interrupt line is high when 
there is data in the FIFO/Sensor RAM. The interrupt line goes low with each 
FIFO/Sensor RAM read and returns high if there is still information in the RAM. 
In a sensor mode, the interrupt line goes high whenever a change in a sensor is 
de tected. 

SLo - SL 3 (Output) 

Scan lines which are used to scan the key switch or sensor matrix and the 
display digits. These lines can be either encoded (1 of 16) or decoded 
(1 of 4). 

RLq - RL 7 (Input) 

Return lines which are connected to the scan lines through the keys or sensor 
switches. Tliey have internal pullups to keep them high until a switch closure 
pulls one low. They also serve as an 8 -bit input in the Strobed Input mode. 

SHIFT (Input) 

This input status is stored along with the key position on key closure in the 
Scanned key board modes. It has a internal pullup to keep it high until a 
switch closure pulls it low. 


- 577 - 





TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 
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CNTL/STB (Input) 

For Keyboard modes this line is used as a control input and stored like 
status on a key closure. The line is also the strobe line that enters the 
data into FIFO in the Strobed Input mode (Rising Edge). It has an internal 
pullup to keep it high until a switch closure pulls it low. 

OUTAq - OUTA 3 (Output) 

OUTBo - OUTB 3 (Output) 

These two ports are the outputs for the 16 xA display refresh registers. 

The data from these outputs is synchronized to the scan lines (SLq - SL 3 ) 
for multiplexed digit displays. The two A bit ports may be blanked inde¬ 
pendently. These two ports may also be considered as one 8 -bit port. 

BD (Output) 

This output is used to blank the display during digit switching or by a 
display blanking command. 


FUNCTIONAL DESCRIPTION 
[BLOCK DESCRIPTION] 


I/O Control and Data Bus Buffer 

The I/ O control section uses the CS, 
AO, RD and WR lines and controls the 

flow of data to and from various _ 

internal registers and buffers. CS 
input enables the all data flow to 
and from the TMP8279. The character 
of the information given by the CPU, 
is identified by Aq. TD and WR 
decide the direction of data flow 
through the data bus buffer. The 
data bus buffer is bidirectional 
buffer which is used for connecting 
the internal bus and a system bus. 
When IIS' is high, the buffer is in a 
high impedance state. 



AO 

1 ^ 


Functions 

0 

0 

0 

1 

Read Data 

0 

0 

1 

0 

Write Data 

0 

1 

0 

1 

Read Status word 

0 

1 

1 

0 

Write Command word 

1 

X 

X 

X 

High-impedance state 


Control Register, Timing Register and Timing Control Circuit 

The keyboard and display modes or other operating conditions are programmed 
by the CPU. These modes are latched at the rising edge of WR when Aq is high. 
The timing control contains the basic counter chains. The fir^t counter is 
the 1/N prescaler that can be programmed to yield an basic internal 
frequency which gives a 5.1 mS keyboard scan time and a 10.3 mS debounce 
time. The other counters divide down the basic internal frequency to provide 
the proper keyboard matrix scan and display scan times. 
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Scan Counter 

Two modes are available for the scan counter. In the encode mode, the counter 
provides a binary count that must be externally decoded to provide the scan 
lines for the key board and display. In the decode mode, the scan counter 
decodes the least significant 2 bits internally and provides a decoded 1 of 
4 scan. It is necessary to pay attention on the fact that only first 4 
characters in the Display RAM are displayed. 

Return Buffer and Keyboard Devounce Control circuit 

The 8 return lines are latched by the return buffer. In the Keyboard mode, 
these lines are scanned to look for key closures in a row. If the debounce 
circuit detects a closed switch, it waits about 10 mS, and checks if the 
switch remains closed. If it does so, address of the switch in the matrix 
is transferred to the FIFO along with the status of SHIFT and CNTL lines. 

FIFO/Sensor RAM and FIFO/Senser RAM Status 

The FIFO/Sensor RAM is a dual function RAM. In the keyboard mode or In the 
Strobe Input mode, this FIFO/Sensor RAM serves as a FIFO. The FIFO status 
shows whether the FIFO is empty or full and keeps track of the number of char¬ 
acters in the FIFO. In addition, there is a flag to show an error in the case 
where too many reads or writes is recognized. The FIFO status can be read at 
^ = 0, Ao = 1. The FIFO status logic provides an IRQ signal when the FIFO 

is not empty. In the scanned sensor matrix mode, the memory serves as a sensor 
RAM. IRQ becomes high when a change in the sensor is detected. 

Display Address Registers and Display RAM 

The display address registers hold the address of the word currently being 
written or read by the CPU and the two 4 bit nibbles being displayed. The 
Display RAM stores data for display outputs. The read/write addresses are 
programmed by the CPU command. They also can be programmed to auto-increment 
after read or write. The Display RAM can be directry read out by the CPU 
after mode and address is set. The A and B nibbles of the Display RAM are 
outputted to the Display Outputs A and B syncronously with scan signals 
(SLq - SL 3 ). The A and B nibbles can be entered independently or as one 
word by the CPU command. 
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[COMMAND DESCRIPTION] 
Keyboard/Display Mode Set 


D.7 D^ D5 D4 D3 D2 Dj Dq 


Display Mode 


Keyboard Mode 


0 

0 

S ^ S bit character display - 
Left entry 

0 

1 

16 X8 bit character display - 
Left entry 

1 

0 

8x8 bit character display - 
Right entry 

1 

1 

16 X 8 bit character display - 
Right entry 


* Default after reset. 


0 

0 

0 

Encoded Scan Keyboard - 
2-Key Lockout 


0 

0 

1 

Decoded Scan Keyboard - 
2-Key Lockout 


0 

1 

0 

Encoded Scan Keyboard - 
N-Key Rollover 


0 

1 

1 

Decoded Scan Keyboard - 
N-Key Rollover 


1 

0 


Encoded Scan Sensor Matrix 


1 

0 

1 

Decoded Scan Sensor Matrix 


1 

1 

0 

Strobed Input, Encoded 
Display Scan 

1 

1 

1 

1 

Strobed Input, Decoded 
Display Scan 

1 


Program Clock 


D? ^0 D5 D4 D3 D2 Di Dq 

0 0 I P P P P P 


The TMP8279 generates all timing and multiplexing signals by means of the 
internal prescaler. Tlie prescaler generates internal reference clocks by 
dividing an external clock by a programmable value PPPPP. Any number of 
ranging from 2 to 31 can be set as a prescaler value. When this value is 
set to 0 or 1, it is interpreted to be 2. If the internal reference clock 
is set to lOOkHz, it is possible to obtain 5.1mS keyboard scan time and 
10.3mS debounce time. The value PPPPP is set to 31 after reset, but cannot 
be changed by the Clear command. 
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Read FIFO/Sensor RAM 


Dy 

De 

DS 

D4 

D3 

D2 

Dl 

Do 

1 ^ 

1 

0 

AI 

X 

bJ 

1 ^ 

A 1 


If this command is written, the subsequent data reads are set up for the FIFO/ 
Senser RAM. Auto-increment flag (Al) and the Ilf\M address bits are valid 

only in Senser Matrix Mode. The address bits AAA select one of the 8 rows 
of the Sensor RAM. If AI =1, the RAM address is incremented after each 
successive read. The Auto-incremented flag does not affect the auto¬ 
increment of the Display RAM. 

Read Display RAM 


Dy 

De 

Ds 

Di. 

D 3 

D 2 

Di 

Do 

! ^ 

1 

1 

AI 

A 

A 

1 A 

A 1 


If this command is written, the subsequent data reads are set up for the 
Display RAM. The address bits AAAA select one of the 16 rows of the Display 
RAM. If AI =1, the address is incremented after each read or write to the 
Display RAM. This command sets the next read or write address and the sense 
of the Auto-increment. 

Write Display RAM 


Dy 

Dg 

D 5 

D 4 

°3 

Dy 

Dl 

Do 

m 

1 0 

0 

AI 

A 

A 

1 A 1 

A 1 


If this command is written, the subsequent data writes are set up for the 
Display RAM. Note that writing this command does not switch the source of 
the subsequent data reads. The address register of the Display RAM is same 
for read/write operations. The addressing and Auto-increment function are 
identical to those for the Read Display RAM. 


TMP8279P-5 
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Display Write Inhibit/Blanking 


D7 

Dg 

Ds 

D4 

D3 

D 2 

Dl 

Do 

1 ^ 1 

0 

1 ^ 

X 

IWA 

IWB 

BLA 

BLB 


X=don't care 


The IWA or IWB bit can be used to mask A nibble or B nibble for entering the 
Display data independently. The BLA or BLB flag is available for the nibble 
A or B to blank the display. In the case where the Display Outputs are used 
as separate 4-bit display ports, the IWA or IWB bit is useful so as not to 
affect the other display port when the CPU writes a word to the Display RAM. 
The BLA or BLB bit is used for blanking the display independently without 
giving any affect to the other 4-bit display port. The blank code is 
determined by the last Clear command that has been programmed after reset. 

If the Display Output is used as an 8 -bit port, it is necessary to set both 
BLA and BLB bits for blanking the display. Then TO signal becomes low. 

D7 D0 D5 D4 D3 D2 D] Dq 


A 3 A 2 Aj Aq B 3 B 2 Bq 

Correspondence between Display Output and Data Bus 


Clear 


D 7 

De 

Ds 

D4 

03 

D2 

Dl 

Do 

M 

1 1 

0 1 

Cd 

Cd 

Cd 

Cf 

1 Ca I 


The Cj) bits are used to clear all rows of the Display RAM to the following 
code shown below. 

(D^) (D 3 ) (D 2 ) 

Cd Cd Cd 

1 0 X - All Zeros (X =Don't Care) 

1 1 0 - All Hex 20H (0010 0000) 

111-All Ones 

0 X X-not clear display if Ca =0 

t-Enable clear display when 0^=1 (or by 0^=1) 

While the Display RAM is being cleared, it may not write to the Display 
RAM. The MSB bit of the FIFO status word is set during this time. If the 
Cp bit is set to "1", the FIFO status is cleared and the interrupt request 
output (IRQ) is reset. Also, the Senser RAM pointer is set to the row 0. 
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The Ca bit has the combined effect of the Cp bit and Cp bit. It enables 
clear display code to the Display RAM and also clears the FIFO status. 
Furthermore, it re-synchronizes the internal timing chains. 

END Interrupt/Error Mode Set 


Dy 

De 

Ds 

D4 

Da 

D2 

Dl 

Do 

1 ^ 

M 

1 

E 

1 X 

X 

X 

M 


In the Sensor Matrix mode, this command loweres the IRO line and enables 
writing to the Sensor RAM. This means that a write to the Sensor RAM is 
inhibited when IRQ line is high. If the E bit is set to "1", the S/E bit 
of the FIFO status becomes "1" when any one of the sensor switches is closed. 
If E =0, the S/E bit is always "0". In the N-Key Rollorer, if the E bit is 
programmed to "1", the Special Error mode will be resulted. 

FIFO status 


Dy 

D6 



^3 

Dy 

D] 

Do 

Du 

S/E 

1 0 

u 

F 

N 

N 1 

\]j 


Number of characters in FIFO 
FIFO Full 
Error-Underrun 
Error-Overrun 

Sensor Closure/Error Flag for 
Multiple Closures 

Display unavailable 


Du : indicates that the Display RAM is unavailable because a Clear Display 
or Clear All command has not completed its clearing operation. 

S/E : In a Sensor Matrix mode, if the E bit of END Interrupt/Error Mode Set 

is programmed to "1”, this S/E bit is set to indicate that at least one 
sensor closure indication is contained in the Sensor RAM. 

In Special Error Mode, this S/E bit is showing the error flag and serves 
as an indication to whether a Simulataneous multiple closure error has 
occurred. 

0 : indicates that the entry of another character into a full FIFO was 

attempted. 

U : indicates that the CPU tried to read an empty FIFO. 

F : indicates that the FIFO is full of the eight characters. 

NNN : indicate number of characters in the FIFO when in the Keyboard Mode or 
in the Strobe Input Mode. 
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[INTERFACE WITH KEYBOARD] 

Scanned Keyboard, 2-key LOCKOUT 

In this mode, if one key only is kept depressed during one debounce cycle 
(2 times of the key scan cycle)^ the key is recognized. When a key is 
depressed, the debounce logic is set and the other depressed keys are 
checked during the next two scan cycle. If none are encountered, it is 
a single key depression and the key position is entered into the FIFO 
along with the status of CNTL and SHIFT lines. If another depressed key 
are encountered, operates as follows. 



Fig. 1 Example of a case where a first depressed 
key is continuously kept to the last 



Fig. 2 Example of a case where all depressed keys 
are ignored 


As shown in Fig. 1, if all other keys are released before the first depressed 
key, the first depressed key is recognized. As shown in Fig. 2, if the first . 
depressed key is released within one debounce cycle after the other keys was 
released, then all keys are ignored. 

Scanned Keyboard, N-key Rollover 

In this mode, each key depression is independently treated from all others. 

In the 2-Key lockout mode, if a key is depressed, the debounce logic is set. 

If other keys are depressed within one debounce cycle after it, the debounce 
logic is set again. The first depressed key is ignored. In the N-key Rollover 
mode, if a key is depressed waits one debounce cycle and then checks if the 
key is still down. If it is, the key is entered into the FIFO even if other 
keys are depressed. 
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KEY 1 

KEY 

KEY 3 


IJ LT 

I , 1 DEBOUNG£ 


1 


TT 


"LT 


IT 


IJ- 


IT 


TT 


Y 


"LT 


TT 


IT 


IT 


1 


1 DEBOUNCE CYCLE 


Fig. 3 Example of 3 keys being pushed simultaneously 


In the example as shown in Fig. 3, the debounce circuit starts by Key 1, and 
checks if the key is still down after one debounce cycle. If it is, Key 1 is 
recognized and Key 2 is ignored not to be depressed for one debounce cycle. 

Special Error Mode (N - Key Rollover) 

This mode is set if the E bit of the End Interrupt/error Mode Set command 
is programmed to "1". In the normal N-Key Rollover Mode, the key information 
is entered to the FIFO according to the key scan timing even if a simulataneous 
multiple depression occures during one debounce cycle. In the Special Error 
Mode, if a simulataneous multiple depression occurs during one debounce cycle, 
sets the error flag (the S/E bit of the FIFO status word) to "1". This flag 
prevents any further writing into the FIFO and will set interrupt request 
(IRQ). The S/E bit is cleared if the normal Clear command is written with 
Cp = 1. 

Senser Matrix Mode 

In Sensor Matrix Mode, the debounce circuit does not operate. The status of 
the senser switch is inputted directly to the Senser RAM. The CPU can know 
a validated closure in the keyboard, however this mode has such advantage that 
the CPU knows how long the sensor was closed and when it was released. 

If there is any change in the sensor value at the end of the sensor matrix 

scan, the IRQ line goes high. The IRO line is cleared by the first data read 
if the Auto-increment flag is ”0" or by the End Interrupt/Error Mode Set 
command if Aj =1. 

Strobe Input Mode 

In Strobe Input Mode, the debounce circuit does not operate. The data is 
inputted into the FIFO from the return lines at the rising edge of CNTL/STB 

Signal. Wlien the data is entered into the FIFO, the IRQ line goes high. 

The functions of the FIFO and the FIFO status in this mode are same as those 
in the keyboard mode. 
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TMP8279P-5 


[DATA FORMAT] 
Keyboard Mode 



De 


D, D 3 

D 2 Dj Dq 

CNTL 

SHIFT 

1 1 

SCAN 

_ i _ 1 _ 

RETURN 

I 1 


In this mode, the Data Format of the character entered into the FIFO is as 
follows. The MSB is the status of CNTL/STB line and the next MSB shows the 
status of SHIFT line. The next three bits are from the scan counter and 
indicate the row the key was found in. The last three bits are from the 
column counter and indicate to whitch return line the key was connected. 

Sensor Matrix Mode 


Dy 

De 

D5 

Dm 

D3 

Da 

Dl 

Do 

RL^ 

RL, 

RL^ 

RL, 

RL3 

RL2 

RLj 

RLq 


In this mode, the data on return lines is inputted in the row of the Senser 
RAM in order according to the scan. The data is entered even if there is 
no change in the status of the senser matrix switches. Each switch position 
maps to a Senser RAM position. CNTL and SHIFT signals are ignored. 

Strobe Input Mode 


Dy 

^6 

D5 

Dm 

^3 

Da 

Dl 

Do 

RL7 

RLe 

RL5 

RL^ 

RL3 

RL2 

RLj 

RLo 


In this mode, the data on the return line is entered into the FIFO at the 
rising edge of CNTL/STB signal. 


[INTERFACE WITH DISPLAY] 

Left Entry 

In Left En'try mode, address 0 of the Display RAM is the left-most side of the 
display and address 15 (address 7 in the case of 8-character display) is the 
right-most side. Wlien characters are inputted onto the Display RAM with the 
auto-increment mode from address 0 of the display RAM, Characters are filled 
from the left-most position of the display. The 17th (or 9th) character is 
placed in the left-most position again. Address of the display RAM corresponds 
directry to each display position of the display, and so its position does not 
change every entry. 
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0 

1 

14 

15 

1 st entry 

> 




□ 


0 

1 

14 

15 

2 nd entry 


2 



□ 


0 

1 

14 

15 

16th entry 

□ 

2 


□ 

□ 


0 

1 

14 

15 

17th entry 

17 

2 

_ 

_ 

15 

16 


0 

1 

14 

15 

18th entry 



_ 


16 


Display RAM ^ 

Address 

0 12 3 4 5 6 7 

1 st entry 


2 nd entry 


Command entry 
(10010101) 



0 

1 

2 

3 

4 

5 

6 

7 

3rd entry 

□ 

LlI 

□ 

□ 

□ 

LlI 

□ 

□ 


0 

1 

2 

3 

4 

5 

6 

7 

4th entry I 

□ 

0 

□ 

□ 

C 

Ll 

0 

□ 


0 12 3 4 5 6 7 

1 2 


Entry from Address 5 with 
Auto increment mode. 


1 


0 

1 

2 

3 

4 

5 

6 

7 

0 

0 

r 

□ 

□ 

□ 

□ 

□ 


Right Entry 

In Right Entry, the first entry is from the right-most position. Address of the 
Display RAM does not correspond to the display position. 
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TECHNICAL DATA 


TMP8279P-5 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

^CC 

^CC Supply Voltage (with respect to CND (Vss)) 

-0.5V to +7.0V 

ViN 

Input Voltage (with respect to GND (Vss)) 

-0.5V to +7.0V 

VqUT 

Output Voltage (with respect to GND (Vgs)) 

-0.5V to +7.0V 

Pd 

Power Dissipation 

IW 

^so 1 

Soldering Temperature (soldering time 10 sec) 

260°C 

^stg 

Storage Temperature 

-55°G to +150^0 

Topr 

Operating Temperature 

0°C to 70°C 


D.C. ELECTRICAL CHARACTERISTICS (Ta=0'^70°C, Vcc==5vnO%. Vss=OV) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 


ViLl 

Input Low Voltage (RLqRL^) 


-0.5 


1.4 


VlL2 

Input Low Voltage (Others) 


-0.5 


0.8 


^IHl 

Input High Voltage (RLq "c RLy) 


2.2 




''lH2 

Input High Voltage (Others) 


2.0 




VoL 

Output Low Voltage 

l0L=2-2mA 



0.45 


VqHI 

Output High Voltage (IRQ) 

IOH=-100pA 

3.5 




V0H2 

Output High Voltage (Others) 

IoH=-400ijA 

2.4 




Du 

Input Leak Current 
(SHIFT, CNTL, RLq^ RLy) 

ViN=Vcc 



+ 10 

pA 

ViN=0V 



-100 

Dl2 

Input Leak Current (Others) 

OV < Vifj < Vec 



ilO 

pA 

loFL 

Output Leak Current 

0.45ViVoUTiVcC 



±10 

pA 

^CC 

Supply Current 




120 

mA 


INPUT CAPACITY 


SYMBOL 

PAR.\METER 

CONDITION 

MIN. 

TYP. 

MAX. 


CiN 

Input Capacity 

fc = lMHz Unmeasurec: 
Pins returned to 

Vss. 


5 

10 

pF 

CoUT 

Output Capacity 


10 

20 

pF 










integrated circuit 



TOSHIBA 


TMP8279P-5 

TECHNICAL DATA 



A.C. ELECTRICAL CHARACTERISITCS (Ta=0'^70°C, Vcc=5.OV+IO/!, Vss=uv; 


SYMBOL 

PARAMETER 

TEST CONDITION 

— 

MIN. 

TYP. 

MAX. 

UNIT 


Address Set up Time (^O 


0 



nS 

^RA 

Address Hold Time (^t) 


0 



nS 

^RR 

^ Pulse Width 


250 



nS 

^RD 

Valid Data (RDt) 

Cl=150pF 



150 

nS 

^AD 

Address to Valid Data 

Cl=150pF 



250 

nS 

^DF 

Data Floating (RDt) 


10 


100 

nS 

‘^RCY 

Read Cycle Time 


1 



US 

^AW 

Address Set up Time (WR4-) 


0 



nS 

*^WA 

Address Hold Time (V^t) 


0 



nS 


m Pulse Width 


250 



nS 

*^DW 

Data Set up Time (WRt) 


150 



nS 

^WD 

Data Hold Time (WRt) 


0 



nS 

rt 

Sl 

s: 

CLK Pulse Width 


120 



nS 

‘^CY 

Clock period 


320 



nS 
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Read-operation 


AO .C^ ^ 


X 


^aw 

’^ww 


^WA 











V 


/ 






1 ^DW 


1 


DBa~DB7 


_X 


K_ 


Write-operation 
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TECHNICAL DATA 


TIIIP8279P-5 


EXAMPLE OF APPLICATION CIRCUIT 
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TECHNICAL DATA 


TIIIIP8048A/TMP8035A 

TMP8049A/TMP8039A 


NMOS 8-BIT MICROCONTROLLER (TLCS-48) 

TMP8048AP/TMP8035AP 
TMP 8049AP /TMP 8039AP 
TMP8048AT/TMP8035AT 
TMP 8049AT/TMP8039AT 


GENERAL DESCRIPTION 

The TMP8048AP/TMP8049AP, from here on referred to as the TMP8048A except 
in case of no need to specify each parts, is a single chip microcontroller 
internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, RAM data memory, ROM program memory, 
27 I/O lines and an 8-bit timer/event counter. 

The TMP8048A is particularly efficient as a controller. It has extensive 
bit handing capability as well as facilities for both binary and BCD arith¬ 
metic. 

The TMP8035A/TMP8039A is the equivalent of a TMP8048A/TMP8049A without 
ROM program memory on chip. By using this device with external EPROM or RAM, 
software debugging becomes easy. 

The TMP8048A?/TMP8035AP, TMP8049AP/TMP8039AP are packaged in a standard 
40 pin Dual Inline Plastic Package. 

The TMP8048AT/TMP8035AT, TMP8049AT/TMP8039AT are packaged in the JEDEC 
standard type 44pin PLCC (Plastic Leaded Chip Carrier). 

FEATURES 

. 1.36 us Instruction Cycle . 27 I/O lines 

. All instruction 1 or 2 cycles . Interval Time/Event Counter 

. Over 90 instructions; 70% single byte . Single level interrupt 

. Easy expandable memory and I/O . Single 5V supply 

Parts Number Program Memory (ROM) Data Memory (RAM) 


TMP8048A 

1 k Byte 

64 Byte 

TMP8049A 

2 k Byte 

128 Byte 

TMP8035A 

- 

64 Byte 

TMP8039A 

- 

128 Byte 
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TIIIIP8048A/TMP8035A 

TECHNICAL DATA 

TMP8849A/TMP8839A 


PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 

Circuit GND potential 

VDD (Power Supply) 

+ 5V during operation Low power standby pin for TMP80<48A RAM 

VCC (Main Power Supply) 

+5V during operation 

PROG (Output) 

Output strobe for the TMP8243P I/O exapnder 
P10-P17 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal Pullup = 50 kohm). 

P20-P27 (Input/Output) Port 2 

8-bit quasi-bidrectional port (Internal Pullup = 50 kohm). 

P20-P23 Contain the four high order program counter bits during an 
external program memory fetch and serve as a 4-bit I/O expander bus for 
the TMP8243P. 

DB0-DB7 (Input/Output, 3 State) 

True bidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program me mory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD and WR. 

TO (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

T1 (Input) 

Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is 
enabled. Interrupt is disabled after a reset. Also testable with 
conditional jump instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low). Used as a Write Strobe to 
External Data Memory. 
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PIN CONNECTIONS (Top View) 



^ (N 3 .-I 

5 j j 

S < < 

W H H 


U 

o o 


vD LTi 

r\3 fs3 ro 





<2' a> 44- *43 42 *41 40 


TT TT TT rt r 1 r 1 r*. 

ae Q9 2(7 2]- E2' >23 <24 
■ U U ' U - LJ - LJ • ■ 


^ 27 52P: 


Q Q Q Q > 


cu (ii cu 


pf:] P24 
a?:] P17 
1^:1 P16 
P15 
SgJ P14 
J NC 
Kj P13 
[J5:] P12 
D^I] Pll 
Si:] pio 

r^"] VDD 


U ' i-J - 


^Oo*-Hro mO 
pi^ 


TMP8048A/TMP8035A 

TMP8049A/TMP8039A 
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TECHNICAL DATA 

TMP8049A/TMP8039A 


BLOCK DIAGRAM 


^10“^! 1 


P20-P27 


Port 0 


Port 1 


Port 2 

Buf f er 


Buf fer 


Buf fer 



Control and Timing 

Circuit 



XTAL^ 

xtaL;, ri^ int ea ss ale 

RD 

LTl PROG 

M y 1 1 f 1 

— 


rr 


ft) S3 
tn -o tn 
re c ft) 


STS; 

n Ou 
n ^ 
ST ft) 
C/5 

C/: c/5 


^ -S 

O P 

cr s 
ft) a 


Note i) The lower order A bits of 
port 2 output latch are 
used also for input/out” 
put operations with the 
I/O expander. 


Note 2) The output latch of port 
0 is also used for 
address output. 
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TOSHIBA 

TECHNICAL DATA 

TMP8049A/TMP8039A 


RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during Power down. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE -strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single Step input can be used in con]unction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being excuted. 

EA (Input) 

External Access input which forces all program memory fetchs to reference 
external memory. Useful for emulation and debug and essential for 
testing and program verification. (Active High). 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for 
external source. 

XTAL 2 (Input) 

Other side of crystal input . 


FUNCTIONAL DESCRIPTION 
1. System Configuration 

. The following system functions 

(1) Program Memory 

(2) Data Memory 

(3) I/O Port 

(4) Timer/Counter 

(5) Interrupt Control Circuit 

(1) Program Memory 

. The maximum memory that can be directly addressed by the TMP8048A is 
4096 bytes. The first 1024 bytes from location 0 through 1023 
(TMP8048A) or the first 2048 bytes from location 0 to 2047 (TMP8049A) 
can be internal resident mask ROM. The rest of the 3072 bytes or the 
2048 bytes of addressable memory are external to the chip. The 
TMP8035A and TMP8039A have has no internal resident memory; all memory 
must be external. 


of the TMP8048A are described in detail . 


(6) 

Stack (Stack 

Pointer) 

(7) 

Flag 0, Flag 

1 

(8) 

Program Status Word (PSW) 

(9) 

Reset 


(10) 

Oscillator C: 

Lrcuit 
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There are three locations in Program Memory of special importance. 



Memory Bank 1 


Memory Bank 0 


. Location 0 

Activating the Reset line of the processor causes the first instruction 
to be fetched from Location 0. 

. Location 3 

Activating the interrupt line of the processor (if interrupt enabled) 
causes a jump to subroutine defined by address held in Location 3. 

. Location 7 

A timer/counter interrupt resulting from a timer/counter overflow (if 
enabled) causes a jump to a subroutine defined by address held in 
Location 7, 

. Program address 0-2047 and 2048-4095 are called memory banks 0 and 1 respec¬ 
tively switching of memory banks is achieved by changing the most 
significant bit of the program counter (PC) during execution of an 
uncoditional jump instruction or call instruction executed after using SEL 
MBO or SEL MBl. 

Reset operation automatically selects Bank 0. 

(2) Data Memory 

. Resident Data Memory (volatile RAM) is organized as 64 words (TMP8048A) 
or 128 words (TMP8049A) by 8-bits wide. 

. The first 8 locations (0 - 7) of the memory array are designed as 

working registers and are directly addressable by several instructions. 
By executing a Register Bank switch instruction (SEL RBI) locations 24 
- 31 are designated as the working registers in palce of 0 - 7. 
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Address 

127 


32 
31 

24 
23 

8 
7 
0 

Internal Data Memory Area 

. RAM locations 8-23 serve a dual role in that they contain the program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
locations store returning addresses from subroutines. If the level of 
subroutine nesting is less than the permitted 8, you free up 2 bytes of 
RAM for general use for every level of nesting not utilized. 

. All 64 (TMP8048A) or 128 (TMP8049A) locations are indirectly 

addressable through either of two RAM Pointer Registers which reside at 
RO and R1 of the Register array. 

. The TMP8048A architecture allows extension of the Data Memory to 256 
words. 

(3) Input/Output Ports 

. The TMP8048A has 27 I/O lines which can be used for either input or 
output. These I/O lines are grouped into 3 ports each having 8 
bidirectional lines and 3 "test" inputs which can after program 
sequences when tested by conditional jump instructions. 

. Ports 1 and 2 are each 8-bits wide and have identical characteristics. 
Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., 
inputs must be present until read by an input instruction. 

. All lines of Ports 1 and 2 are called quasi-bidirectional because of a 
special output circuit structure (illustrated in Figure 1). Each line 
is continuously pulled to a +5V level through a high impedance 
resistive device (50kohm) which is sufficient to provide the source 
current for a TTL high level yet can be pulled low by a standard TTL 
gate thus allowing the same pin to be used for both input and output. 
In order to speed up the "0" to "1" transition a low impedance device 
(5kohm) is switched in momentarily whenever a "1" is written to line. 
When "0" is written to line a low impedance device overecomes the 
pullup and provides TTL current sinking capability. 


Data Memory 


Resister Bank 1 
_RBI 

8 Level Stack 

(16 byte) 

Resister Bank 0 
RBO 


-603 — 









.. INTEGRATED CIRCUIT 

TMP8048A/TMP8035A 

TOSHIBA 

TECHNICAL DATA 
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ANL. ORL 


+5V +5V 


Internal Bus 


Write Puls 



50kJ} I/O pins 
Portl or 2 


Flg-1 Input/Output Circuit of Port 1, Port 2 


. Reset initializes all lines to a high impedance ”1" state. 

. When external data memory area is not addressed during execution of an 
internal program, Port 0 (DBO - DB7) becomes a true bidirectional port 
(bus) with associated input and output strobes. If bidirectional 
feature not needed Bus can serve as either a statically latched output 
port or a non-latched input port. However, I/O lines of this port 
cannot be intermixed. 

. As a static port data is written and latched using the OUTL instruction 
and inputted using the INS instruction these two commands generate 
pulses on the corresponding RD and WR strobe lines. 

. As a bidirectional port the MOVX instructions are used to read and 
write the port which generate the RD and WR strobes. 

. W^hen not being written or read, the Bus lines are in a high impedance 
state . 


(4) Timer/Event Counter 

. The 8-bit binary up counter can use either of the following frequency 
inputs 

(1) Internal clock (1/480 of OSC frequency) 

. Timer mode 
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(2) External input clock form T1 terminal 

(minimum cycle time 3 x ALE cycle) 

. Event Counter mode 

The counter is presettable and readable with two MOV instructions 
whicii transfer the content of the accumulator to the counter and vice 
versa. The counter content is not affected by a Reset and is 
initialized solely by the MOVT, A instruction. The counter is stopped 
by a Reset or STOP TCNT instruction and remains stopped until started 
by STRT T instruction or as an event counter by a STRT CNT. One 
started the counter will increment to its maximum count (FF) and 
overflow to Zero continuing its count until stopped by a STOP TCNT 
instruction or RESET. 

The increment from maximum count to Zero (overflow) results in the 
setting of an overflow flag and the generation of an interrupt request. 

When interrupt acknowledged a subroutine call to Location 7 will be 
initiated. Location 7 should store the starting address of the timer 
or counter service routine. The state of the overflow flag is testable 
with the conditional Jump (JTF). The flag is reset by excuting a JTF 
or by RESET. 

Figure 2 illustrates the concept of the timer circuit. 



Timer Interrupt Enable 


Fig. 2 Concept of Timer Circuit 
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Fig. 3 Concept of Interrupt Control Circuit 
(5) Interrupt Control Circuit 

. There are two distinct types of Interrupts in the TMP8048A, 

(1) External Interrupt from the INT terminal 

(2) Timer Interrupt caused by timer overflow 


>6 
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TMP8049A/TMP8039A 


. The interrupt system is single level in that once an interrupt is 
detected all further interrupt requests are ignored until execution of 
an RETR (which should occur at the end of an interrupt service routine) 
reenables the interrupt logic. 

. An interrupt sequence is initiated by applying a low level ”0" to the 
INT pin. INT is level triggered and active low which allows "Wire 

Oring" of several interrupt sources. The interrupt level is sampled 
every machine cycle during ALE and when detected causes a "jump to 
subroutine" at Location 3. As in any call to subroutine, the Program 
Counter and Program Status Word are saved in the stack. 

. When an overflow occurs in the internal timer/event counter an 
interrupt request is generated which is reserviced as outlined in 
previous paragraph except that a jump to Location 7 is used instead of 
3. If INT and times overflow occur simultaneously then external 
request INT takes precedence. 

. If an extra external interrupt is needed in addition to INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(one less than the terminal count), and enabling the event counter 
mode. A "1" to "0" transition on T1 will cause an interrupt vector to 
Location 7. 

. The interrupt service routine pointed to be addresses in Location 3 or 
7 must reside in memory between 0 and 2047, i.e.. Bank 0. 

Figure 3 illustrates the concept of the interrupt control circuit. 

(6) Stack (Stack Pointer) 

. An interrupt or Call to subroutine causes the contents of the program 
counter to be stored in one of the 8 register pairs of the Program 
Counter Stack. The pair to be used is determined by a 3-bit stack 
pointer which is part of the Program Status Words (PSW explained in 
section (8)). Data RAM locations, 8 through 23 are available as stack 
registers and are used to store the program counter and 4-bits of PSW 
as shown in the figure. 

. The stack pointer when initialized points to RAM location 8 and 9. The 
first subroutine jump or interrupt results in the program counter con¬ 
tents being transferred to Locations 8 and 9. Then the stack pointer 
is incremented by one to point to Locations 10 and 11. Eight levels of 
subroutine are obviously possible. 

. At the end of a subroutine signalled by a RET or RETR causes the stack 
pointer to be decremented by one and the contents of the resulting pair 
to be transferred to the Program Counter. 
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Pointer Address 


(7) Flag 0, Flag 1 (FO, FI) 

. The TMP8048A has two flags FO and FI which are used for conditional 
jump. These flags can be set, reset and tested with the conditional 
jump instruction JFO. 

. FO is a part of the program status word (PSW) and is saved in the stack 
area when a subroutine is called. 

(8) Program Status Word (PSW) 

. An 8-bit status word which can be loaded to and from the accumulator 
exists called the Program Status Word (PSW). The PSW is read by a MOV 
A, PV7S and written to by a MOV PSW, A. The information available in 
the PSW is shown in the diagram below. 
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Stack Pointer 

/ 


|C |AC |F0 IBS 

|1 |S2 ISl Iso 1 


MSB 1 

1 

III LSB 

II 1 


Saved in stack area Spare ("1" during Read) 
at the time of Sub¬ 
routine Call. 

Bits 0 - 2 : Stack Pointer Bits (SO, SI, S2) 



Bit 3 : Not used ("1" level when read.) 

Bit 4 : Working Register Bank Switch Bit (BS) 

0 = Bank 0 
1 = Bank 1 


Bit 

5 

; Flag 0 (FO) 

Bit 

6 

: Auxiliary Carry (AC) 
instruction and used 
DA, A (AC) 

Bit 

7 

: Carry (C) flag which 
tion has resulted in 


carry bit generated by an ADD 
by the decimal adjust instruction 

indicates that the previous opera- 
the accumulator. (C) 


(9) Reset 


The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pullup register which in 
combination with an external luF capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic is 
initialized . 



IkH 



77T 


-d RESET 
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If the pulse is generated externally the reset pin must be held at ground 
(<0.8V) for at least lOmS after the power supply is within tolerance. 

. Reset performs the following functions within the chip: 

(i) Sets PC to Zero. 

(ii) Sets Stack Pointer to Zero. 

(iii) Selects Register Bank 0. 

(iv) Selects Memory Bank 0. 

(v) Sets BUS (DBO - DB7) to high impedance state. (Except when EA=5V) 

(vi) Sets Ports 1 and 2 to input mode. 

(vii) Disables interrupts (timer and external). 

(viii) Stops Timer. 

(ix) Clears Timer Flag. 

(x) Clears FO and FI. 

(xi) Disables clock output from TO. 

(10) Oscillator Circuit 

. TMP8048A can be operated by the external clock input in addition to 
crystal oscillator as shown below. 


+5V 



(a) Crystal Parameters and External Capacitance 

The frequency of the oscillator will be calculated from the following 
formula . 

f •= (l+CO/2(CL+C))/2;rV5L>^ 

Load Capacitance DL 

CL=(Cl+Cfl)(C2+Cf2)/((Cl+Cfl)+(C2+Cf2)) 

Cfl : Input Capacitance (4pF Typ.)+Stray Capacitance (less than 5pF) 
Cf2 : Output Capacitance(6pF Typ.)+Stray Capacitance (less than 5pF) 
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However the recommended value in the following table will be used 
better by the reason of the start of the oscillation will depend on the 
Equivalent Series Resistance R1 and the External Capacitances Cl+Cfl, 
C2+Cf2. 

Frequency Equivalent External Capacitance 
Series Res. Cl=C2(pF) 

f(MHz) R(ohm) Recommended Typical 

Value Allowance 

11 
11 
10 
10 
8 
8 
6 
6 
5 
5 
4 
4 
3 
3 
2 
2 
1 

(b) Ceramic Resonator and External Capacitance 

Frequency External Capacitance 
Recommended Value 
f(MHz) C1=C2 (pF) 

3 to 11 33 

1 to 3 100 


2. Basic Operation and Timing 

The following basic operations and timing are explained 

(1) Instruction Cycle 

(2) External Memory Access Timing 

(3) Interface with I/O Expander TMP8243P 

(4) Internal Program Verify (Read) Timing 

(5) Single Step Operation Timing 

(6) Low Power Stand-by Mode 
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(1) Instruction Cycle 

. The instruction of TMP8048A are executed in one or two machine cycles, 
and one machine cycle contents of five states. 

. Fig. 4 illustrates its relationship with the clock input to CPU. 

. 0^2 clock shown in Fig. 4 is derived to outside by ENTO CLK instruction. 

. ALE can be also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 

(2) Ext ernal Memory Access Timing 
(i) Program Memory Access 

. TMP8048A programs are executed in the following three modes. 

(1) Execution of internal program only. 

(2) Execution of both external and internal programs. 

(3) Execution of external program only. 

The external program memory is accessed (instructions are fetched) 
automatically when the internal ROM address is exceeded in mode (2) and 
from initial start address 0 in mode (3). 

. In the external program memory access operation, the following will 
occur 

. The contents of the 12-bit program counter will be output on BUS(DB0 
- DB7) and the lower 4-bits of Port 2. 

. Address Latch Enable (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE is used to latch the address 
externally. _ 

. Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 
. Bus (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word. 

. Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

. In the extended data memory access operation during READ/WRITE cycle 
the following occurs 

. The contents of RO R1 is output onto BUS (DBO - DB7). 

. ALE indicates address is valid. The trailing edge of ALE is used to 
latch t he address externally. 

. A read RD or write WR pulse on the corresponding output pins 

indicates the type of data memory access in progress. Output data 
valid at trailing edge of WR and input data must be valid at trailing 
edge of RD. 

. Data (8-bits) is transferred over BUS. 
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(6MHz) 

rn rn rn rn rn I— 

(2MH2) -' '-' '-' '-' '-' -' 


Generated 
internally <J*2 

State 


n _rn_ n _n_m 


1 

2 

3 

4 

5 

1 

Inst ruction 
Fetch 

Decode 

Execution 

Execution 

Execution 



1 State_1 Cycle 


ALE 

(AOOkHzT 


tl 


Next Address Latch Timing 


Fig. 4 Instruction Cycle Timing 


P20 - P23 Xpa^aX" Xpa^X 



Fig. 5 Timing of External Program Memory Access 
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. Figure 6 illustrates the timing of accessing the external data memory 
during execution of external program. 

(3) Interface with I/O Expander (TMP8243P) 

. The TMP8048A I/O can be easily expanded using the TMP8243 I/O Expander. 
This device uses only the lower half 4-bits of Port 2 for communica¬ 
tion with the TMP8048A. The TMP8243 contains for'4-bit I/O ports which 
serve as extensions of one chip I/O and are addressed as Ports (4-7). 
All communication takes place over the lower half of port 2 (P20 - P23) 
with timing provided by an output pulse on the PROG pin. Each transfer 
consists of two 4-bit nibbles the first containing the "OP Code" and 
port address and second containing the actual 4-bits of data. 


+12V 



Fig. 7 Timing of Reading Internal Program Memory 


5V 



Fig. 8(a) Single Step Circuit 
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Reading of Internal Program Memory 

. The processor is placed in the READ mode by applying +12V to the EA pin 
and OV to the RESET pin. The address of the location to be read is 
then applied to BUS and the low order 2 or 3 bits of Port 2. The 
address is latched by a 0 to 1 transition on RESET and the high level 
causes the contents of program memory location addressed to appear on 
the eight lines of BUS. 

. Figure 7 illustrates the timing diagram for this operation. 

(5) Single Step Operation. 

. A single step feature useful for debug can be implemented by utilizing 
a circuit shown in Figure 8 (a) combined with the SS pin and ALE pin. 

. A D-type flip flop with set and reset is used to generate SS. In the 
run mode SS is held high by keeping the flip_flop set. To enter single 
step, set is removed allowing ALE to bring SS low via reset input. The 
next instruction is started by clocking a ”1” into the FF which will 
not appear on SS unless ALE is high removing reset. In response to SS 
going high the processor begins an instruction fetch which brings ALE 
low resetting FF and causing the processor to again enter the stopped 
state . 

. The timing diagram in this case is as shown in Figure 8 (b). (EA=5V) 

(6) Lower Power Stand-by Mode 

. The Lower TMP8048A has been organized to allow power to be removed from 
all but the volatile, 64 x 8 or 128 x 8 data RAM array. In power down 
mode the contents of data RAM can be maintained while drawing typically 
10 - 15% of normal operating power requirements. 

. VCC serves as the 5V supply for the bulk of the TMP8048A while the VDD 
supplies only the RAM array. In standby mode VCC is reduced to OV but 
VDD is kept at 5V. Applying a low level to reset inhibits any access 
to the RAM by the processor and guarantees that RAM cannot be inadver¬ 
tently altered as power is removed from VCC. 


SS 

ALE 

DBO - DB7 


/ 


Address 


\ _ 

\_ r 

Instruction Input 
(PC) -( 


For two 
instruct ion 


Address (PC+1) 


P20- P23 


Address (pc7^ ^ Address (PC-fl^ 

Port20- 23 
Data 

Fig. 8(b) Single Step Operation Timing 
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INSTRUCTION 

ACCUMULATOR INSTRUCTION 


Mnemonic 

Instruction Code I 

Operation I Bytes 

1 

1 Cycles 

1 

1 FlagI 

D7|D6|D5! 

D4!D3ID2!D11D0| 

1 cL 

ACl 

ADD A,Rr | 

oi 1 1 1 : 

ol 1 1 

r! rl ri 

(A)<-(A)+(Rr) 1 

1 

1 

1 

1 0 1 

o 1 


1 1 1 

1 1 

1 1 1 

r = 0 - 7 1 


1 


1 1 


lADD A,@Rr I 

0| 1 1 1 1 

01 Ol 

Ol ol rl 

(A)<-(A)-H((Rr)) 1 

1 

1 

1 

1 0 1 

o 1 


1 1 1 

1 1 

1 1 1 

r = 0,1 1 


1 


1 1 


I ADD A,#Data 

o! ol ol 

ol o! 

Ol ll ll 

(A)<-(A)+Data 1 

2 

1 

2 

1 0 1 

0 1 


d7|d6!d5! 

d4ld3| 

d2|dl|dOl 

1 


1 


1 1 


lADDC A,Rr I 

Ol 1 1 1 1 

11 11 

rl rl rl 

(A)<-(A)+(Rr)+(C)1 

1 

1 

1 

1 o 1 

o 1 


1 1 I 

1 1 

1 1 1 

r = 0 - 7 1 


1 


1 1 


lADDC A,@Rr 

Ol 1 1 11 

ll oi 

Ol Ol rl 

(A)<-(A)-f((Rr)) 1 

1 

1 

1 

1 0 1 

0 1 


1 1 1 

1 1 

1 1 1 

+ (c) 1 


1 


1 1 



1 1 1 


1 1 1 

r = 0,1 1 


1 


1 1 


I ADDC A, #Data 

Ol ol ol 

li oi 

Ol 1 I 1 1 

(A)<-(A)+Data+(C)| 

2 

1 

2 

1 o 1 

o 1 


d7ld6|d5| 

d4|d3: 

d 2 ldlidol 

1 


I 


1 1 


lANL A,Rr 

Ol ll Ol 

11 11 

rl rl rl 

(A)<-(A)and(Rr) 1 

1 

1 

1 

1 -1 

-1 


1 1 1 

1 1 

1 1 1 

r = 0 - 7 1 


1 


1 1 


!ANL A,@Rr 

Ol ll Ol 

ll ol 

Ol 01 rl 

(A)<-(A)and((Rr)) I 

1 

1 

1 

I -1 

-1 


1 1 1 

1 1 

1 1 1 

r = 0,1 I 


1 


I 1 


!ANL A,#Data 

ol ll ol 

ll 01 

ol i! ll 

(A)<-(A)and Data 1 

2 

1 

2 

1 -1 

-1 

I 

d7|d6!d5l 

d4jd3! 

d2!dlldOl 

1 


1 


1 1 


lORL A,Rr 

Ol ll Ol 

Ol 1 1 

rl r! r! 

(A)<-(A)or(Rr) 1 

1 

1 

1 

1 -1 

-1 

I 

1 i 1 

1 1 

1 1 1 

r = 0 - 7 1 


1 


1 1 


lORL A,@Rr 

ol ll ol 

Ol oi 

0| ol rl 

(A)<-(A)or((Rr)) 1 

1 

1 

1 

1 -1 

-1 


1 1 1 

I 1 

1 1 1 

r = 0,1 1 


1 


1 1 


lORL A,#Data 

oi ll ol 

ol 0 ! 

Ol ll ll 

(A)<-(A)or Data 1 

2 

1 

2 

1 -1 

-1 


d7|d6|d5l 

d4|d3l 

d2|dlIdO1 

1 


1 


1 1 


IXRL A, Rr 

11 11 ol 

1 1 1 1 

rl rl rl 

(A)<-(A)Eor(Rr) I 

1 

1 

1 

1 -1 

-1 


1 1 1 

1 1 

1 1 1 

r = 0 - 7 1 


1 


1 1 


IXRL A,@Rr 

1 1 1 1 Ol 

ll Ol 

Ol Ol rl 

(A)<-(A)Eor((Rr))| 

1 

1 

1 

1 -1 

-1 


1 1 1 

1 1 

1 1 1 

r = 0,1 1 


1 


1 1 


IXRL A,#Data 

Ol ll oi 

ol ol 

Ol ll ll 

(A)<-(A)Eor Data 1 

2 

1 

2 

1 -1 

-1 


d7id6|d5l 

d4|d3i 

d 2 |dlIdol 

1 


1 


I 1 


INC A 

Oi Ol Ol 

ll Ol 

11 11 ll 

(A)<-(A)+1 ! 

1 

1 

1 

1 -1 

“ 1 

I DEC A 

Ol Ol Ol 

Ol Ol 

ll ll ll 

(A)<-(A)-1 1 

1 

1 

1 

1 -1 

-1 

i CLR A 

Ol o! 11 

o! Ol 

11 ll ll 

(AX-O 1 

1 

1 

1 

1 -1 

- 

I CPL A 

0 1 0 1 1 1 

ll Ol 

11 ll ll 

(AX-NOT (A) 1 

1 

1 

1 

1 -1 

-1 

Ida a 

Ol ll Ol 

ll Oi 

ll ll li 

Decimal Adjust 1 

1 

1 

1 

1 0 1 

“ 1 


1 1 1 

1 1 

1 1 1 

Accumulator 1 


1 


1 1 


I SWAP A 

Ol ll ol 

Ol ol 

ll ll ll 

(A4-7)->(A0-3) 1 

1 

1 

1 

1 -1 

-1 


1 1 1 

1 1 1 

1 1 

1 I 

1 1 1 

<“ I 

1 


1 

1 


1 1 

1 1 
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i Mnemonic 

I Instruction Code 


1 

Operation 

iBytes 

1 

1 

1 

Cycles 

! 

FlagI 

D7|D6|D5lD4l 

D3!D2|D1IdoI 

i 

Ci ACl 

!rl a 

I 1 i 1 I 

1| 

01 

ol 1 1 

11 

1 ! 

(An+1) <- (An) 

1 1 

1 

1 

i 

-! -1 


1 1 I 

1 

1 

1 1 

1 

1 

n = 0 - 6 

1 

1 


1 

! 1 

IRLC A 

1 11 11 

1! 

ii 

oil! 

11 

1! 

(An+1)<-(An) 

i 1 

1 

1 

1 

-1 -1 


1 1 

1 

1 

1 1 

1 

1 

n = 0 “ 6 

1 

1 


1 

! i 


1 1 

1 

i 

1 1 

1 

1 

(C)<-(A7) 

I 

1 


1 

1 1 


1 1 1 

i 

1 

1 1 

1 

! 

(A0)<-(C) 

1 

! 


1 

1 1 

|RR A 

1 0| 1 i 

11 

11 

oil! 

11 

11 

(An)<-(An+1) 

i 1 

1 

1 

1 

-1 -! 


1 1 1 

1 

1 

1 1 

i 

1 

n = 0 - 6 

1 

1 

1 


1 

1 I 

I 

1 1 1 

i 

i 

1 1 

1 

1 

(A7)<-(A0) 

1 

! 


1 

! 1 

RRC A 

1 01 11 

11 

ol 

ol 1 | 

11 

1 i 

(An)<-(An+1) 

1 1 

1 

1 

1 

- i -! 


1 1 1 

1 

1 

1 1 

1 

! 

n = 0 - 6 

1 

1 


1 

1 1 


1 1 1 

1 

1 

1 1 

1 

1 

(C)<-(A0) 

1 

1 


1 

1 i 


1 1 1 

1 

1 

1 1 

1 

1 

(A7)<-(C) 

1 

1 


! 

1 1 


Input/Output Instruction 


! Mnemonic 

1 Instruction Code 

1 

Operation 

1 Bytes 

1 

1 Cycles 

1 

i FlagI 

|D7iD6| 

D5|D4|D3|D2 

IDI 

iDOl 

1 ClACl 

1 IN A,Pp 

1 Ol Ol 

Ol 

ol ll 0 

1 P 

1 Pi 

(A)<-(Pp) 

1 

1 

1 

2 

i -i -i 

i 

1 1 I 


i 1 


1 1 

p = 1 , 2 

1 


1 


1 1 1 

lOUTL Pp,A 

1 Ol Ol 

1! 

ll ll 0 

1 P 

I P i 

(Pp)<-(A) 

1 

1 

1 

2 

I -1 -1 


1 1 1 


1 1 


1 I 

p = 1 , 2 

1 


1 


1 1 1 

iANL Pp,#Data 

1 ll 01 

oi 

1 1 1 1 0 

1 P 

I P! 

(Pp) <- (Pp) and 

Data 1 

2 

! 

2 

! -1 -1 


Id7Id6| 

d5! 

d4!d3id2 

!dl 

Idol 

p = 1 , 2 

I 


1 


1 1 1 

j ORL Pp,#Data 

1 li Oi 

o! 

0 1 1 1 0 

1 P 

I p! 

(Pp)<-(Pp)or 

Data i 

2 

! 

2 

1 -1 -I 


Id7|d6| 

d5j 

d4ld3!d2 

idl 

1 dO 1 

p = 1, 2 

1 


1 


1 ! I 

1 INS A,BUS 

1 Ol Ol 

Ol 

Oi ll 0 

I 0 

1 Ol 

(A)<-(BUS) 

I 

1 

1 

2 


lOUTL BUS,A 

1 Ol Ol 

Ol 

Ol Ol 0 

1 1 

1 01 

(BUS)<-(A) 

! 

1 

1 

2 

1 -1 -i 

lANL BUS,#Data 

1 1 i Ol 

Ol 

1 1 1 1 0 

! 0 

1 Ol 

(BUSX- 

1 

2 

I 

2 

1 -1 -1 


|d7|d6| 

d5| 

d4|d3|d2 

Idl 

Idol 

(BUS)and 

Data ! 


1 


1 1 1 

lORL BUS,#Data 

1 ll Ol 

Ol 

0 1 1 I 0 

1 ol ol 

(BUSX- 

1 

2 

1 

2 

1 -1 -! 

j 

Id7|d6| 

d5i 

d4|d3id2 

Idl 

Idol 

(BUS) or 

Data ! 


1 


1 1 1 

M0\^D A,Pp 

1 Ol Ol 

Ol 

Ol 1 1 1 

1 P 

1 P| 

(A0-3)<-(Pp) 

I 

1 

1 

2 

! -1 -1 


1 1 1 


1 1 


1 1 

(A4-7)<- 0 

1 


j 


I 1 1 


1 1 1 


1 1 


1 I 

p = 4 - 7 

1 


1 


1 1 1 

ImOVD Pp,A 

1 Ol Ol 

1 1 

Hill 

1 P 

1 P| 

(Pp)<-(A0-3) 

1 

1 

! 

2 

1 -i -1 


1 1 1 


1 1 


1 1 

p = 4 - 7 

1 


i 


1 1 1 

lANLD Pp,A 

1 ll 01 

Ol 

Hill 

1 P 

1 Pi 

(PpX- 

! 

1 

1 

2 

1 -1 -1 


1 1 1 


1 1 


1 1 

(Pp)and(A0-3) 1 


1 


1 1 1 


1 1 1 


I 1 


1 ! 

p = 4 “ 7 

1 


1 


1 1 1 

lORLD Pp,A 

1 ll 01 

Ol 

ol 11 1 

1 P 

1 pi 

(PpX- 

1 

1 

1 

2 

1 -1 -1 


1 1 1 


1 1 


1 I 

(Pp)or (A0-3)l 


1 


1 1 1 


1 1 1 


1 1 


1 1 

P = 4 - 7 

1 


1 


1 1 1 
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I Mnemonic 

I Instruction Code 

1 

Operation 

! Bytes 

j 

1 Cycles 1 

Flag 

iD7lD6|D5|D4;D3|D2iDliD0| 

1 1 

C! AC 

I INC Rr 

I 0l 0| 0| II 1| r| 

r 1 r 1 

(RrX—(Rr) + 1 

1 1 

1 1 1 

- 1 ~ 


I I I I I I I 

1 1 

r = 0 - 7 

1 

i 1 

1 

I INC @Rr 

! Oi Ol Oi 1 I 01 ol 

Ol r| 

((Rr))<-((Rr))+l 

1 1 

! 1 1 

- 1 - 


1 1 1 1 1 1 1 

1 1 

r = 0, 1 

1 

1 1 

1 

I DEC Rr 

1 ll 11 01 01 1| r| 

r 1 r 1 

(RrX—(Rr)-l 

1 1 

1 1 1 

- 1 - 

I 

1 1 1 1 1 1 1 

1 1 

r = 0 - 7 

1 

1 1 

1 


Branch Instruction 


1 Mnemonic 


Instruction 

Code 

1 Operation 

1 Bytes 

1 Cycles 

1 

FlagI 


D7 

|D6 

|D5 

|D4 

lD3 

|D2 

iDl 

iDOl 

I 


1 



c! AC 

iJMP Address 

alO 

Ia9 

Ia8 

i 0 

1 0 

1 1 

1 0 

1 ol (PC0-7)<--(a0-7) 

1 

2 

1 

2 

1 

-1 -1 

j 

a7 

a6 

Ia5 

1 a4 

1 a3 

Ia2 

1 al 

laO!(PC8-10)<--(a8-10 

I 


1 


1 

1 1 




1 





1 KPCIIX—DBF 

1 


1 


1 

1 1 

IJMPP @A 

1 

i 0 

1 1 

! 1 

1 0 

1 0 

1 1 

1 1 (PC0-7)<—((A)) 

1 

1 

1 

2 

1 

-1 -1 

iDJNZ Rr 

1 

1 1 

1 1 

1 0 

I 1 

1 r 

1 r 

1 r| (RrX—(Rr)-l 

1 

2 

1 

2 

1 

-1 -1 

1 Address 

a7 

1 a6! a5 

1 a4 

la3 

1 a2 

lal 

laOlif Rr not 0 

1 


1 


1 

1 1 









1 1 (PC0-7)< —(aO-7) 

1 


1 


1 

1 1 

|JC Address 

1 

1 1 

I 1 

1 1 

i 0 

1 1 

1 1 

1 Ol (PC0-7)<—(aO-7) 

1 

2 

1 

2 

1 

-1 -1 


a7 

1 a 6 

1 a5 

1 a4 

1 a3 

1 a2 

lal 

laOlif C = 1 

1 


1 


1 


1 

i 

} 




i 

! 

i 



1 |(PCX—(PC) + 2 

1 lif C = 0 

1 

1 


1 

1 


1 

I 

1 1 

1 1 

1 JNC Address 

1 

1 1 

1 1 

1 ol 0 

1 1 

1 1 

1 oi(PCO-7)<-(aO-7) 

1 

2 

1 

2 

1 

-i -1 


a7 

1 a 6 

1 a5 

1 a4 

|a3 

Ia2 

lal 

laOlif C = 0 

1 




1 

1 1 

j 




1 

1 

1 

j 



1 KPCX—(PC) + 2 

1 lif C = 1 

1 

1 


1 

1 


1 

1 

1 1 

1 1 

jJZ Address 

1 

1 1 

1 0 

1 0 

1 o! 1 

1 1 

1 ol (PC0-7)<—(aO-7) 

1 

2 

1 

2 

1 

_ 1 _ 1 


a7 

1 a 6 

1 a5 

1 a4 i a3 

Ia2 

lal 

laOlif (A) = 0 

1 


! 


1 

1 1 









1 |(PCX—(PC) + 2 

1 lif (A).NEQ.O 

1 

1 


i 

1 


1 

1 

1 1 

1 1 

JNZ Adress 

1 

1 0 

1 0 

1 1 

1 0 

1 1 

1 1 

1 Ol (PC0-7X—(aO-7) 

1 

2 

1 

2 

1 

-1 -1 


a7 

1 a 6 

Ia5 

1 a4 

la3 

Ia2 

1 a 1 

laOlif (A).NEQ.O 

1 


1 


1 

1 1 








1 

1 

1 |(PCX—(PC) + 2 

1 lif (A) = 0 

1 

I 


i 

1 


1 

1 

1 1 

1 1 

IJTO Adress 

0 

1 0 

1 1 

i 1 

1 0 

i 1 

1 1 

1 Ol (PC0-7X—(aO-7) 

1 

2 

1 

2 

1 

-1 -1 


a7 

1 a6 

1 a5 

1 a4 

|a3 

!a2 

lal 

laOlif TO = 1 

1 


1 


1 

1 i 









1 KPCX—(PC) + 2 

1 lif TO = 0 

1 

1 


i 

1 


1 

1 

1 1 

1 1 

iJNTO Address 

0 

1 0 

1 1 

1 0 

1 0 

1 1 

1 1 

1 Ol (PCO-7X--(aO-7) 

1 

2 

1 

2 

1 

- 1 -1 


a7 

! a6 

Ia5 

1 a4 

|a3 

i a2 

lal 

laOlif TO = 0 

1 


1 


1 

1 1 









1 |(PCX—(PC) + 2 

1 lif TO = 1 

1 

1 


1 

1 


1 

1 

1 1 

1 1 

iJTl Address 

0 

! 1 

1 0 

! 1 

1 0 

I 1 

1 1 

1 Ol (PCO-7X--(aO-7) 

1 

2 

1 

2 

1 

-1 -1 


a7 

1 a 6 

Ia5 

1 a4 

1 a3 

Ia2 

lal 

laOlif T1 = 1 

1 


1 


1 

1 1 









1 KpcX—(PC) + 2 

1 lif T1 = 0 

1 

1 


1 

1 


1 

1 

1 1 

1 1 

IJNTI Address 

0 

1 1 

1 0 

1 0 

i 0 

1 1 

1 1 

1 Ol (PC0-7X—(aO-7) 

1 

2 

1 

2 

1 

-1 -1 


a7 

1 a 6 

Ia5 

1 a4 

1 a 3 

1 a2 

1 a 1 

laOlif T1 = 0 

1 


1 


1 

1 1 









1 1 (PCX--(PC) + 2 

1 lif T1 = 1 

I 

1 


1 

1 


1 

1 

1 1 

1 1 
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INTEGRATED CIRCUIT 

TMP8048A/TMP8035A 

TOSHIBA 

TECHNICAL DATA 

TMP8049A/TMP8039A 


1 Mnemonic 

Instruction Code 

1 Operation 1 

Bytes 

1 Cycles 1 

Flag 


D7|D6lD5|D4 

D31D2 

DllDOl 1 


1 1 

Cl AC 

1 JFO Address 

11 01 1| 1 

0l 1 

1 1 ol (PC0-7)<—(aO-7) 1 

2 

1 2 1 

- 1 - 


a7 i a6i a5 I a4 

a3 ! a2 

allaOlif FO = 1 1 


1 1 

1 


1 1 1 

1 

1 1 (PC)<--(PC) + 2 1 


1 1 

1 



1 

1 lif FO = 0 . 1 


1 1 

1 

|JF1 Address 

0| 11 ll 1 

0l 1 

1 1 Ol (PCO-7)<--(aO-7) 1 

2 

1 2 1 

- 1 - 


a7 1 a61a5!a4 

a3 1 a2 

allaOlif FI = 1 1 


1 1 

1 

! 

1 1 1 

1 

1 1 (PC)<--(PC)+2 1 


1 I 

1 


1 1 ! 


1 lif FI = 0 1 


1 1 

1 

|JTF Address 

0| 01 0| 1 

01 1 

1 1 Ol (PC0-7)< —(aO-7) 1 

2 

1 2 1 

- 1 - 

i 

a71a6 a5ia4 

a3|a2 

allaOlif TF = 1 I 


1 1 

1 


1 1 1 

1 

1 1 (PC)<--(PC)+2 1 


1 1 

1 


1 1 1 

1 

1 lif TF = 0 1 


1 1 

1 

|JNI Address 

11 0| 01 0 

0| 1 

ll Ol (PC0-7)<—(aO-7) 1 

2 

i 2 1 

- 1 - 


a7!a 61a51a4 

a3|a2 

allaOlif INT = 0 1 


1 1 

1 


1 1 1 

1 

1 1 (PC)<--(PC)+2 1 


1 1 

1 



1 

1 1 lif INT = 1 1 


1 1 

1 

|jBb Address 

b2!bl|b0| 1 

0| 0 

ll Ol (PCO-7)<--(aO-7) 1 

2 

1 2 1 

-1 - 


a7 1 a6l a5 1 a4 

a3 1 a2 

allaOlif (Bb) = 1 I 


1 1 

1 


1 1 1 

1 1 

1 1 (PC)<--(PC)+2 1 


1 1 

1 


1 1 1 

1 1 

1 1 lif (Bb) = 0 ! 


1 1 

i 


i 1 1 

1 1 

1 l(b = 0 - 7) 1 


1 1 

1 

1 CALL Address 

alO1a9 1 a8 ! 1 

Oi 1 

1 Ol 0!((SP))<-- 1 

2 

i 2 1 

-1 - 


a7 1 a6 ia5 ia4 

a3la2 

lallaOl (PC),(PSW4-7) 1 


1 1 

1 



I 1 

1 1 |(SP)<—(SP) + 1 1 


1 1 

1 


III! 


1 1 1(PC8-10)<--(a8-10)1 


1 1 

1 


1 1 1 

1 1 

1 1 1 (PCO-7)<--(aO-7) 1 


1 1 

1 


1 1 1 

1 

I 1 |(PC11)<--DBF 1 


1 1 

1 

RET "" 

1 1 0| 0| 0 

01 0 

1 ll 1 1 (SP)<—(SP)-l 1 

1 

1 2 1 

1 


1 1 1 


1 1 1 (PC)<--((SP)) 1 


1 1 

1 

1 RETR 

1 1 0| 0| 1 

Ol 0 

1 ll 1 1 (SP)<—(SP)-l 1 

1 

1 2 ! 

1 


1 1 1 


1 1 |(PC)<—((SP)) 1 


1 1 

1 


1 1 1 

1 1 

1 1 1 (PSW4-7)<--((SP)) 1 


1 1 

1 


Flag Manipulation Instruction 


Mnemonic 

1 Instruction Code 


Operation 

Bytes 

1 Cycles 1 

Flag 



i D7|D6| 

D5 

D4 

D3lD2| 

Di Ido 



1 1 

C| AC 

CLR 

C 

1 li 

Ol 

0 

1 

Ol 

ll 

ll 1 

(C)<— 0 

1 

1 1 1 

Ol - 

CPL 

C 

i 11 

ol 

1 

0 

Ol 

ll 

ll 1 

(C)<--NOT(C) 

1 

1 1 1 

Ol - 

CLR 

FO 

1 ll 

ol 

0 

0 

Ol 

ll 

ol 1 

(FOX— 0 1 

1 

1 1 1 

-1 - 

! CPL 

FO 

1 ll 

ol 

Ol 

1 1 

Ol 

ll 

ol 1 

(FOX—NOT(FO) 

1 1 

1 1 1 

-1 - 

! CLR 

FI 

1 ll 

ol 

1 

1 0 

ol 

ll 

ol 1 

(FIX— 0 1 

1 

1 1 i 

- 1 - 

1 CPL 

FI 

1 ll 

ol 

1 i 

1 1 

Ol 

ll 

ol 1 

(FIX—NOT(Fl) 

1 1 

1 1 1 

-1 - 
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INTEGRATED CIRCUIT 

TMP8048A/TMP8035A 

TOSHIBA 

TECHNICAL DATA 

TMP8049A/TMP8039A 


1 Mnemonic I 

Instruction 

Code 

1 Operation 

Bytes 

1 

1 Cycles 

1 

i Flag 

i I 

D7|D6 

|D5lD4 

!D3!D2| 

D1 IDO 1 

I c! 

AC 

!M0V a, Rr ! 

11 1 

1 11 1 

1 1 

1 r 1 

r! r!(A)<— (Rr) 

1 1 

1 

1 

1 - 1 

- 

1 1 

1 

1 i 



1 1 r = 0 - 7 

I 

I 


1 1 


IMOV A, @Rr ! 

1| 1 

1 i! 1 

1 0 

1 oi 

Ol r!(A)<— ((Rr)) 

1 1 

1 

1 

1 -1 

- 

1 1 

j 

1 1 



1 1 r = 0, 1 

1 

1 


1 1 


iMOV A, #Datal 

0| 0 

1 i! 0 

1 0 

1 Ol 

1 1 1 1(A)<-- Data 

1 2 

1 

2 

1 -! 

- 

1 1 

d7|d6 

Id5|d4 

ld3 

!d2| 

dlIdol 

1 

1 


1 1 


iMOV Rr, A 1 

i! 0 

1 ll 0 

1 1 

1 r 1 

r| rl(Rr)<--(A) 

1 1 

1 

1 

1 “ 1 

- 

1 1 

i 

1 1 



1 1 r = 0 - 7 

1 

1 


1 1 


iMOV@Rr,A 1 

1| 0 

1 ll 0 

1 0 

1 Ol 

Ol r|((Rr))<-(A) 

1 1 

1 

1 

1 ~ I 

- 

1 1 

1 

1 1 



1 1 r = 0, 1 

1 

1 


1 1 


iMOV Rr,#Data| 

n 0 

1 ll 1 

I 1 

1 r 1 

r| r|(Rr)<--Data 

1 2 

1 

2 

1 - 1 

- 

1 ! 

d7|d6ld5|d4 

id3 

ld2| 

dlIdol r = 0 - 7 

1 

1 


1 1 


jMOV@Rr,#DataI 

i! 0 

1 11 1 

1 0 

1 Ol 

01 r1((Rr))<—Data 

1 2 

1 

2 

1 -1 

- 

1 I 

d7ld6 

!d5ld4 

ld3 

Id2| 

dlIdol r = 0, 1 

1 

1 


j 1 


|MOV A,PSW 1 

1 ! 1 

1 0l 0 

! 0 

1 1 1 

1| 1|(A)<— (PSW) 

1 1 

1 

1 

1 “ 1 

- 

iMOV PSW, A 1 

1 1 1 

1 o! 1 

1 0 

1 ll 

ll IKPSWX—(A) 

1 1 

1 

1 

1 -! 

- 

iXCH A, Rr 1 

1 1 

o! 0 
1 

1 1 1 0 

1 1 

I 1 

1 r 1 

rl r|(A)—>(Rr) 

1 1 

1 

j 

1 

1 

1 ! 

- 

I 1 

1 1 

I 

1 

1 1 

1 1 



1 1 \ 

1 1 r = 0 - 7 

1 

1 

1 

1 


I 1 

1 t 

1 1 


IXCH A,@Rr 1 

0| 0 

1 1 1 0 

1 0 

1 Ol 

Ol r|(A)—>((Rr)) 

1 1 

1 

1 

1 -1 

- 

i 1 

1 

1 1 



1 1 <- 

j 

1 


j 1 


1 ! 

1 

1 1 

j 


1 1 r = 0, 1 

1 

1 


i i 


IXCHD A,@Rr I 

01 0 

! 11 1 

! 0 

1 Ol 

Ol rl (AO-3)—>((Rr0-3)) I 1 

! 

1 

1 - i 

- 

1 1 

1 

1 1 



1 1 <- 

I 

i 


1 1 


i ! 

j 

1 1 



1 1 r = 0, 1 

1 

I 




iMOVX A,(aRr i 

li 0 

1 Ol 0 

1 0 

1 Ol 

Ol rl(A)<—((Rr)) 

1 1 

1 

2 

1 -' 

- 

1 i 

1 

1 1 


1 1 

1 i 

1 1 r = 0, 1 

1 

1 


1 1 


iMOVX @Rr,A i 

1| 0 

1 ol 1 

1 0 

1 Ol 

Ol rl((Rr))<—(A) 

1 1 

1 

2 

1 -i 

- 

1 1 

1 

1 1 



I 1 r = 0, 1 

1 

1 


1 1 


IMOVP A,@A 1 

1| 0 

1 1 1 0 

1 0 

1 Ol 

ll 1 1 (PCO-7)<—(A) 

1 1 

1 

2 

1 ~ 1 

- 

1 i 

1 

1 1 



1 |(A)<-((PC)) 

1 

1 


1 1 


1MOVP3 A,@A 1 

11 1 

1 ll 0 

! 0 

1 ol 

ll ll (PC0-7)<—(A) 

1 1 

1 

2 

1 - 1 

- 

1 1 

1 

1 1 



1 1 (PC8-11)<—0011 

1 

1 


1 1 


1 ! 

1 

1 1 



1 1(A)<-((PC)) 

1 

1 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMP8048A/TMP8035A 

TECHNICAL DATA 

TMP8049A/TMP8039A 


Timer/Counter Instruction 


1 Mnemonic 

i' 

Instruction Code i 

Operation 

iBytes 

I Cycles 1 

FlagI 

1 


D7|D6!D5|D4|D3!D2|D1iDOi 


1 

1 1 

ClACl 


MOV A,T 

1 o| 

1 i 

ol 

ol 

0 

ol 

ll 

ol (A)<—(T) 

1 

1 

1 

1 

1 

- 1 - 

MOV T,A 

! 01 

1 i 

11 

ol 

0 

o! 

ll 

ol (T)<—(A) 

1 

1 

1 

1 

i 

-1 - 

STRT T 

! 01 

1 1 

ol 

11 

0 

ll 

ol 

1 1 Counting is 

1 

1 

1 

1 

1 

- 1 - 


1 1 

1 

1 

1 


i 

1 

1 started in the 

1 


1 


1 

1 


i 1 

1 

i 

1 


1 

1 

1timer mode 

1 


1 


1 

1 

STRT CNT 

1 01 

11 

ol 

ol 

0 

ll 

ol 

11 Counting is 

1 

1 

1 

1 

1 

-1 - 


1 1 

1 

1 

1 


1 

1 

1 started in the 

1 


1 


1 

1 


1 1 

1 

1 

1 


1 

1 

levent counter 

1 


1 


1 

1 


1 1 

! 

I 

1 

1 

1 

1 

1 mode 

1 


1 


1 

1 

STOP TCNT 

1 01 

11 

1 

ol 

0 

ll 

ol 

11 Stop both time 

1 

1 

1 

1 

1 

-i - 


1 1 

1 

1 

1 


1 I 

1 

1 a c cumu1a tion and 

1 


1 


1 

1 


1 1 

1 

1 

1 


1 

1 

levent counting 

1 


1 


1 

1 

EN TCNTl 

1 Ol 

ol 

11 

oi 

0 

ll 

ol 

1iTimer interrupt 

1 

1 

1 

1 

1 

-1 - 


1 1 

1 

1 

1 


1 

I 

|is enabled 

1 


1 


1 

1 

DIS TCNTl 

1 01 

ol 

11 

11 

0 

ll 

ol 

1iTimer interrupt 

1 

1 

1 

1 

1 

-I - 


1 1 

1 

1 

1 

1 


1 

1 

lis disabled 

j 


1 


1 

1 


Control Instruction 



Mnemonic 

I Instruction Code 


1 Operation 

1Bvtes 

1 ■ 

!Cycles 1 

FlagI 

D7|D6! 

D5! 

D4| 

D3|D2|DnD0| 

1 1 

ClACl 


EN I 

i Ol Ol 

Ol 

Ol 

Ol 

1 1 

ol 

llExternal interrupt 

1 1 

i 1 1 

- 1 *" 1 



1 1 1 

1 

1 

1 

1 

1 

1 is enabled 

1 

1 1 

1 i 


DIS I 

1 Ol Ol 

Ol 

n 

Ol 

1 1 

ol 

llExternal interrupt 

1 1 

! 1 1 

-1 -1 



1 1 1 

I 

1 

1 

1 

1 

|is disabled 

1 

1 1 

1 1 


SEE RBO 

1 nil 

ol 

01 

ol 

11 

ol 

11 (BSX— 0 

1 1 

1 I 1 

“ 1 - 1 


SEE RBI 

1 nil 

ol 

ll 

ol 

1 1 

ol 

1 1 (BSX— 1 

1 1 

i 1 1 



SEE MBO 

1 nil 

11 

Ol 

ol 

1 1 

ol 

1 1 (DBFX— 0 

1 1 

1 1 1 

-1 “1 


SEE MBl 

1 ll ll 

ll 

ll 

ol 

1 1 

ol 

11 (dbfX-- 1 

1 1 

1 1 ! 

-1 -1 


ENTO CEK 

1 ol n 

ll 

ll 

ol 

11 

ol 

1 |T0 is enabled to 

1 1 

i 1 i 

-1 “! 



1 1 1 

1 

1 

1 

1 

1 

lact as the clock 

1 

1 ! 

! 1 



1 1 1 

1 

1 

1 

1 

1 

1 output 

1 

1 1 

1 1 


NOP 

1 ol 01 

Ol 

ol 

ol 

ol 

ol 

01 No operation 

I 1 

1 1 1 

-1 -1 


- 622 - 













INTEGRATED CIRCUIT 

TMP8048A/TMP8035A 

TOSHIBA 

TECHNICAL DATA 

TMP8849A/TMP8839A 


i SYMBOL 

1 ITEM 



1 

RATTING 


1 

VDD 

1VDD Supply Voltage (with respect to GND (VSS)) 

1-0 

.5V to +7V 

1 

Ivcc 

IVCC Supply Voltage (with respect to GND (VSS)) 

1-0 

.5V to +7V 

1 

Ivina 

1 Input Voltage (Except EA) 



ho 

.5V to +7V 

1 

VINB 

1 Input Voltage (Only EA) 



1-0 

.5V to +13V 

1 

IPD 

iPower Dissipation (Ta = 70* 

c) 


1 

1 .5W 


1 

ITSOLDER 

1 Soldering Temperature (Sold 

er i 

ng Time 10 sec) 


260‘C 


1 

ITSTG 

1 Storage Temperature 



l-55'C to 150‘C 

1 

ITOPR 

lOperating Temperature 



1 

0*C to 70 

‘C 

1 

DC CHARACTERISTICS 







TA= 

0°C to 70^C, VCC=VDD=+5V+10%, 

VSS=0V, Unless Otherwise Noted. 



! SYMBOL 



ITEST conditions! 

MIN. |TYP . |MAX. i 

UNIT 

1 

1 VIL 

1 Input Low Voltage 



-0.51 

- 1 0.81 

V 

1 

iviH 

1 

i Input High Voltage 
i (Except XTALl,XTAL2,RESET 


1 1 

1 1 

2.01 

1 

- 1 VCCi 

1 1 

V 

1 

1 

IVIHl 

1 

i Input High Voltage 

1 (XTALl,XTAL2,RESET) 


1 1 

1 1 

3.8| 

1 

- 1 VCCi 

1 1 

V 

1 

1 

I VOL 

1 Output Low Voltage (BUS) 


|lOL=2.0mA 1 

- 1 

- 10.451 

V 

1 

1 VOLl 

1 

1 Output Low Voltage 
|■(RD, WR, PSEN, ALE) 


ilOL=1.8mA 1 

1 1 

1 

- 10.451 

1 1 

V 

1 

1 

|VOL2 

jOutput Low Voltage (PROG) 


!l0L=1.0mA 1 

- 1 

- 10.451 

V 

1 

1 VOL3 

1 

i Output Low Voltage 
i (For other output pins) 


|lOL=1.6mA 1 

1 1 

1 

- 10.451 

1 1 

V 

1 

1 

Ivor 

lOutput High Voltage (BUS) 


|lOH=-400uA 1 

2.4| 

- 1 - 1 

V 

1 

IVOHl 

1 

jOutput High Voltage 

1 (RD, WR, PSEN, ALE) 


|lOH=-100uA 1 

1 1 

2.41 

1 

1 1 

V 

1 

1 

1 VOH2 

1 

lOutput High Voltage 

1 (For other output pins) 


ilOL=-40uA 1 

1 1 

2.4| 

1 

1 1 

V 

1 

1 

1 

1 ILI 

1 

1 _ 

1 Input Leak Current (Tl, INT) 

1 


1 1 
Ivss < VIN < VCCi 

1 

1 

1 1 

- 1 +10 1 

1 1 

uA 

1 

1 

1 

IlLIl 

1 

iInput Leak Current 

1 (PlO-17 , P20-27 , EA, SS) 


ivSS+0.45<VIN< ! 
i VCC 1 

1 

1 

1-5001 

1 1 

uA 

I 

1 

IlLO 

1 

1 Output Leak Current (BUS, TO) 
i(High impedance condition 

iVSS+0.45<VIN< I 
i VCC 1 

i 

i 

1 +101 

1 1 

uA 

1 

1 

DC CHARACTERISTICS 







TA= 

0°C to 70°C, VCC=VDD=+5V+10%, 

VSS=0V, Unless Otherwise Noted. 



1 

1 SYMBOL 

1 

1 PARAMETER 


1 TMP8048A/ 1 

1 TMP8035A i 

TMP8049A/ 

TMP8039A 


1 

1 

1 


IMIN. iTYP.lMAX.I 

MIN.ITYP.IMAX.1 

UNIT 

1 

liDD 

1 VDD Supply Current 


i - 1 10 1 15 1 

- 1 15 1 20 1 

mA 

I 

1ICC+IDD 

1 Total Supply Current 


1 - I 65 1 90 1 

- 1 85 1120 1 

mA 

'i 
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__ INTEGRATED CIRCUIT 


TOSHIBA 

TMP8048A/TIIIIP8035A 

TECHNICAL DATA 

TMP8049A/TMP8039A 


AC CHARACTERISTICS 


TA=0°C to 70°C, VCC=VDD=+5V+10%, VSS=0V, Unless Otherwise Noted. 


1 SYMBOL 

1 PARAMETER 

[TEST 

1 

f (t) 

1 

11 MHz 1 




1 

1 CONDITION 

1 


[MIN.[MAX.1 

UNIT 


! t 

iClock Cycle Time 

j 


1 

l/xt^l f 

1 

90 [ 

1000[ 

ns 


1 tLL 

lALE Pulse Width 

i 


1 

3.5t-170 

1 

150[ 

- [ 

ns 


1 tAL 

iAddress Setup Time (ALE) 

1 


1 

2t~110 

1 

70 [ 

- [ 

ns 


1 tLA 

[Address Hold Time (ALE) 

1 

a=20pF 

1 

t-40 

1 

50 [ 

- [ 

ns 


1 tCCl 

1 _ 

[Control Pulse Width (RD,WR) 

1 

1 


T 

1 

7.5t-200 

T 

1 

480 [ 

1 

ns 


1 tCC2 

1 

[Control Pulse Width (PSEN) 

1 

i 


1 

1 

6t-200 

1 

1 

350 [ 

1 

ns 


1 tDW 

1 _ 

(Data Setup Time (WR) 

1 

1 


1 

1 

6.5t-200 

1 

1 

390 [ 

1 

ns 


1 tWD 

1 

[Data Hold Time (WR) 

1 

1 

a 

o 

CM 

11 

d 

[ 

1 

t-50 

1 

1 

40 [ 

1 

ns 


1 tDR 

1 

[Data Hold Time (PSEN,RD) 

1 

1 

CL=20pF 

1 

1 

1 .5t-30 

1 

1 

ol 

1 

no 1 

ns 


1 tRDl 

1 _ 

[Data Input Read Time (RD) 

1 

i 


1 

1 

6t-170 

1 

1 

_ 1 

1 

375 1 

ns 


1 tRD2 

1 

[Data Input Read Time(PSEN) 

1 

1 


[ 

1 

4.5t"170 

1 

1 

—! 

1 

240 [ 

ns 


1 

1 tAW 

1 __ 

[Address Setup Time (WR) 

1 

i 


1 

5t-150 

i 

1 

300 [ 

1 

ns 


1 

! tADl 

1 _ 

[Address Setup Time (RD) 

1 

1 


1 

|10.5t-220 

1 

1 

— ! 

1 

7301 

ns 


! tAD2 

1 

[Address Setup Time (PSEN) 

1 

1 


1 

1 

7.5t-200 

1 

f 

_ 1 

1 

4601 

ns 


i 

1 tAFCl 

1 _ 

[Address Float Time (RD) 

1 

1 

CL=20pF 

1 

1 

2t-40 

1 

1 

140 [ 

1 

-1 

ns 


1tAFC2 

1 

[Address Float Time (PSEN)'^ 

1 

1 

CL=20pF 

1 

1 

0.5t-40 

1 

1 

10 1 

[ 

ns 


itLAFCl 

1 _ 

[ale to Control Time (RD,WR) 

1 

1 


1 

1 

3t-75 

i 

1 

200 1 

[ 

ns 


i 

1tLAFC2 

1 

[ALE to Control Time (PSEN) 

1 

! 


1 

1 

1.5t-75 

1 

1 

60 1 

1 

ns 


1 tCAl 

[Control to ALE Time 

1 (RD,WR,PROG) 

1 

1 


1 

1 

t-65 

1 

1 

25 [ 

1 

ns 


1 tCA2 

1 

[Control to ALE Time (PSEN) 

1 

1 


1 

1 

4t-70 

1 

1 

290 1 

1 

ns 


1 tCY 

[ Cycle Time 

1 


1 

15t 

1 

1 .361 

15.01 

us 


1 tCP 

[Port Control Setup Time (PROG) 

1 


1 

1,51-80 

1 

50 1 

- [ 

ns 


! tPC 

[Port Control Hold Time (PROG) 

1 


1 

4t-260 

1 

100 [ 

- 1 

ns 


1 tPR 

[Port 2 Input Data Set Time 

1 (PROG) 

1 

1 


1 

1 

8.5t-120 

1 

1 

~ 1 

6501 

1 

ns 
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TMP8048A/TMP8035A 

TECHNICAL DATA 

TMP8049A/TMP8039A 


I tpp 
I tPL 
I tLP 
I tPV 
I tOPRR 


I PARAMETER 1 

J_! 

lPort2 Output Data Setup Time I 

I (PROG) _ 

|Port2 Output Data Hold Time I 

I (PROG) _! 

iPort 2 Input Data Hold Time I 

I (PROG) _ 

IPROG Pulse Width _ 

|Port2 I/O Data Setup Time(ALE) 
|Port2 I/O Data Hold Time (ALE) 
|Port Output Delay Time (ALE) 
[Output Clock Cycle Time (TO) 


[TEST 

j CONDITION 


1.5t-90 


10.5t-25QI 
4t-200 I 
0.5t-30 I 
4.3t-H00| 
3t I 


1. Control Outputs : CL=80pF, BUS Output : CL = 150pF. 

2. Address Float Time: BUS Hi-Impedance, CL=20pF 

3. f(t): Assume the 50% duty clock is inputed to XI, X2. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TIMING WAVEFORM 

A. Instruction Fetch from External Program 


^CY 


ALE j 

^LL 










.t^AFC 





PSEN 

* 



h _ 




i ^cc 



r- 

wm 

^ _- 


Address 

r 

*^RD 


tAD 



B. Read from External Data Memory 


TMP8048A/TMP8035A 

TMP8049A/TMP8039A 


ry 











integrated circuit 


TOSHIBA 

TMP8048A/TMP8035A 

TECHNICAL DATA 

TMP8049A/TMP8039A 









INTEGRATED CIRCUIT 

TIIIIP8048A/TMP8035A 

TOSHIBA 

TECHNICAL DATA 

TMP8049A/TMP8039A 


PROGRAM TAPE FORMAT 

TMP8048A programs are delivered in the form of paper tape with the 
following format and it required to attach the tape list. The format of paper 
tape is same as the Intel type object tape (hexadecimal tape output by Intel 
MDS system, PROMPT 48 Development Tool, etc.) 

t 1 ) Tape Format 


Connents 


(CR) 

(LF) 













TcrI 

(LF) 


r ^ 

(CK) 

—ILU_ 


I Leader, 50 "NULL” characters or more 
- Comnent (Record mark is not included) 


Option 


- Record Mark 

Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

"00" .... Normal Record 
Record Type (2 Digits) ____ 

Data 

Check Sum (2 hexadecimal digits) 

Dummy characters (RUBOUT, BLANK) before and after "(CR)(LF)" are 
optional. 

■■•■Record Mark (Repeated below) 


[Trailer, 50 "NULL" characters or more 


(2) Example of Tape List (TMP8048AP) 

TOSHIBA MICRO COMPUTER TLCS-48 
:100000000665C7D79CF50F3F951FED55A8FF16E570 
:1000100088884DDE67D31F5D8ABA6DF292F113F5C1 
:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 
:10003000197352F729F12F79AA9C057C5B851EED77 


: 1003C0005DFDB5E556A67277F61A51C631CF9F0E80 
: 1003DOO0BD2F6F2OE8BB1977E3FB5AD1F41FDAA7E2 
:1003EO00B53D42EOEC32546025B73O8CDD52O63DlD 
: 1003FOOOB4BE9E9E345B6138060B20VC372BF60BD6 
lOOOOOOOlFF 
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INTEGRATED CIRCUIT 

TMP8048A/TMP8035A 

TOSHIBA 

TECHNICAL DATA 

TMP8049A/TMP8039A 












TOSHIBA 


INTEGRATED CIRCUIT 


TMP8048A/TMP8035A 

TMP8049A/TMP8039A 


TECHNICAL DATA 







TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C48AP/-6, TMP80C35AP/-8 
TMP80C48AF/-8 


8-BIT SINGLE-CHIP MICROCOMPUTER 

TMP80C48AP/TMP80C48AP-6 
TMP 80 C35AP /TMP 80C35 AP -6 
TMP80C48AF/TMP80C48AF-6 


GENERAL DESCRIPTION 


The TMP80C48A is a single chip microcomputer fabricated in Silicon Gate CMOS 
technology which provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been included 
in a single chip; an 8-bit CPU, 64 x 8 RAM data memory, IK x 8 ROM program 
memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP80C48A is particularly efficient as a controller. It has extensive bit 
handling capability as well as facilities for both binary and BCD arithmetic. 

The TMP80C35AP/-6 is the equivalent of a TMP80C48AP/-6 without ROM program 
memory on chip. By using this device with external EPROM or RAM, software 
debugging becomes easy. 

The TMP80C48AP/-6 and TMP80C35AP/-6 are in a standard Dual Inline Package. 

The TMP80C48AF/-6 is in a 44-pin Flat Package. 

FEATURES 


.TMP 80C48AP /TMP 80 C35 AP /TMP 80C48 AF 
1.36]is Instruction Cycle Time 
0*C to 70*C, 5V ±10% 

. TMP80C48AP-6/TMP80C35AP-6/TMP80C48AF-6 
2.5 ys Instruction Cycle Time 
-40*C to 85’C, 5V ±20% 

. Software Upward Compatible with 
TMP8048A /INTEL’S 8048 
. HALT Instruction (Additional Instructii 
. IK X 8 masked ROM 

. 64 X 8 RAM 

. 27 I/O lines 

. Interval Timer/Event Counter 


. Low Power 

10mA MAX. in Normal Operation 
(VCC=5V, fXTAL=6MHz) 
lOyA Max. in Power Down Mode 
(VCC=5V, fXTAL : DC) 

. Single Power Supply 
. Power Down Mode (Stand-by Mode) 
. Halt Mode (Idle Mode) 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C48AP/-6, TMP80C35AP/-6 
TMP80C48AF/-6 


PIN CONNECTIONS (TOP VIEW) 



ToM] 
XTAL]C2 
XTALy C3 
IKEIC 

Sscs 
TT!Tcft 

EAC 7 

_®C8 

PSENC9 

PRC 10 
ALEC 11 
DB0CI2 
DB1CI3 
DB2CIA 


Vssq 


(+5V) 
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TOSHIBA CIRCUIT 

TMP80C48AP/-6, TMP80C35AP/-6 

TECHNICAL DATA 

TMP80C48AF/-6 


BLOCK DIAGRAM 


DbO-IJB 7 ^ 10 ”^ 17 




TO'9, £R 
SAVL 



Note 1) 
Note 2) 


The lower order 4 bit of port 2 output latch are used also for 
input/output operations with the I/O expander. 

The output latch of port 0 is also used for address output. 
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INTEGRATED CIRCUIT 

TMP80C48AP/-6, TIIIIP80C35AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80G48AF/-6 


PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 

Circuit GND potential 

VCC (Power Supply) 

+5V during operation 

PS (Input) * 

The control signal for the power saving at the power down mode (Active 
Low) 

PROG (Output) 

Output strobe for the TMP82C43P I/O expander. 

PIO - P17 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal Pullup = 50KQ) . 

P20 - P27 (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup = 50KQ). 

P20 - P23 contain the four high order piogram counter bits during an external 
program memory fetch and serve as a 4“bit I/O expander bus for the 
TMP8243P. 

DBO - DB7 (Input/Output, Tri-State) 

True bidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memo ry 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store inst¬ 
ruction, under control of ALE, RD, and WR. 

TO (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

T1 (Input) 

Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active low) 

^ (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low). Used as a Write Strobe to 
External Data Memory. 
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INTEGRATED CIRCUIT 

TMP80C48AP/-6, TMP80G35AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C48AF/-8 


RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during the power down mode. 

ALE (Oupput) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into a 
wait state after it has completed the instruction being executed. Also 
used during the power down mode. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High) 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for exter¬ 
nal source. 

XTAL 2 (Input) 

Other side of crystal input. 
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TlCS-4a LIST OF IMSTRIJCTIONS (1/4) 


t 

jL 

Assef^bler 

Hnefonic 

Object Code 
(1st) 
(2Pd) 

Function 

Flag 

Dycle 



Bin. 

Hex. 

C.AC 



ADO 

A . Rr 

onoirrr 

68* r 

(A)*-(A)MRr) 

r=0~7 

II 

1 


ADO 

A .?Rr 

OllOOOOr 

60*r 

(A)-(A)*l(Rr)) 

r=0.1 

II 

1 


ADO 

A .«i 

00000011 

03 

(A)*-(A)*i 


I r 

2 




liiniii 

ii 






AOOC 

A , Rr 

Ollllrrr 

78* r 

(A)*-(A)*(Rr)*(C) 

r-O-F 

II 

1 


AODC 

A ,*Rr 

omooor 

70* r 

(A)*-(A)*[(Rr)]*(C) 

r=0.1 

11 

1 


ADDC 

A ,tl 

00010011 

13 

(A)*-(A)*i*(C) 


11 

2 

A 



iiiiif ii 

n 





C 

AJfL 

A . Rr 

OlOlIrrr 

58*r 

(A)^(A) A(Rr) 

r=0-7 


1 

c 

AJ1L 

A .?Rr 

OlOIOOOr 

50* r 

(A)*-(A) A[(Rr)] 

r-0.1 


1 

u 

AML 

A .fi 

01010011 

53 

(A)^(A) Ai 



2 

1 



iiiiiiii 

ii 





u 

ORi 

A , Rr 

OlOOIrrr 

48*r 

(A)^(A) V(Rr) 

r-0-7 


1 

1 

ORL 

A JRr 

OlOOOOOr 

40* r 

(A)*-(A) v[(Rr)] 

r=0,1 


1 

a 

ORL 

A .fi 

01000011 

43 

(A)+-(A) vi 



2 

t 



itiiiiii 

ii 





0 

XRL 

A , Rr 

11011rrr 

08*r 

(A)*-(A) v(Rr) 

r-0-7 


1 

r 

XRL 

A .?Rr 

llOIOOOr 

00*r 

(A)^(A) v((Rrl) 

r-0,1 


1 


XRL 

A .fi 

11010011 

D3 

(A)*-(A) Vi 



2 

\ 



11 i i 111 i 

1 i 





n 

IMC 

A 

00010111 

17 

(A)*-(A)*1 



1 

s 

DEC 

A 

00000111 

07 

(A)*-(A)-1 



1 

t 

CLR 

A 

00100111 

27 

(A)*-0 



1 

r 

CPL 

A 

00110111 

37 

(A)^NOT(A) 



1 

u 

DA 

A 

01010111 

57 

(A)^(A)BCO 


I 

1 

c 

SWAP 

A 

01000111 

47 

(A)<7;4> -(A)<3:0> 



1 

t 

RL 

A 

11100111 

E7 

(A)<n+1> «-(A)<n> 



1 

j 





(A)<0> f-(A)<7> 

n-0~6 



0 

RLC 

A 

riioiii 

F7 

(A)<n*1> ♦-(A)<n> 


I 

1 

n 





(C)^(A)<7> 









(A)<0> *-(0 

n=0^6 




RR 

A 1 

01110111 

77 

(A)<n> ♦-(A)<n+1> 

n=0-6 


1 



1 



(A)<7> «-(A)<0> 





RRC 

A 1 

01100111 

67 

(A)<n> ♦-(A)<n*1> 


1 

1 






(C)^(A)<0> 









(A)<7> ^(C) 

n-O'-e 



I 

/ 

0 

IN 

A , Pd 

00001Odd 

i 

08*p 

(A)*-(Pp) 

P=1.2 


2 


TLCS-48 LIST OF IHSIRUCTIOHS (2/4) 
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TlCS-48 LIST or I^STRICTIWS (3/4) 


TlCS-48 LIST or IMSTRUCTIOMS (4/4) 


I 

Assefbler 

Object Code 




lb 



(1st) 

Function 

Flag 

:ycle 

ab 

Hnefionic 

_(2nd) 




s 



Bin 

Hex 


C.AC 



JRTO 

a 

00100110 

26 

if TO-0 thcn(PC)<7:0>«^aHL 


2 




aHi 


else no ooeration 



S 

JT1 

a 

01010110 

56 

if T1=1 thcn(f>C)<7:0>*-aHL 


2 

r 



aML 


else no operation 



a 

JHT1 

a 

01000110 

46 

if T1=0 then(PC)<7;0>-^aHL 


2 

n 



aHL 


else no operation 



c 

JFO 

a 

10110110 

B6 

if F0=1 then(PC)<7:0>^aHL 


2 

h 



aHL 


else no operation 




jri 

a 

01110110 

76 

if ri=1 then(PC)<7:0>'^aHL 


2 

I 



aML 


else no operation 



n 

Jir 

a 

00010110 

16 

if TF=1 then(PC)<7;0><H-aHL 


2 

s 



aHL 


else no operation 



t 

JNI 

a 

10000110 

8G 

if INT =0 then(PC)<7;0>«-aHL 


2 

r 

u 

c 



aHL 


else no operation 



t 

i 

0 

JBb 

a 

bbblOOlO 

Ih12 

if (A)<b>=1 then 


2 

n 



aHL 


(PC)<7:0>-aML 








else no operation b=0^7 




CALL 

a 

aHlOlOO 

aHMi 

l(SP)J ^(PSH)<7:4>- (PC) 


2 




aHL 


(SP) ♦-(SP)41 
(PC)<10:0> ^a 
(PC)<11> -^(DBF) 



(2) 

RET 


lOOOOOli 

83 

(SP) ^(SP)-1 


2 






(PC) ♦-L(SP)]<11:0> 




RETR 


10010011 

93 

(SP) ^(SP)-1 
(PC) ^I(SP)]<11:0> 

(PSW)<7:4> -[(SP)1<15:12> 

I 1 

2 


CIR 

C 

10010111 

97 

(C)-0 


pr- 


CPI 

C 

10100111 

A7 

(C)-NOT(C) 


' 1 

(3) 

CLR 

ro 

10000101 

85 

(FO) M) 


1 

CPI 

FO 

10010101 

95 

(FO) -NOT(FO) 


i 1 


CLR 

FI ? 

10100101 

■A5 

(FI) -0 


1 


CPI 

F1 

10110101 

B5 

(FI) *-N0T(F1) 


1 


HOV 

A , Rr 

llllirrr 

F8-r 

(A)^(Rr) r=0-7 


1 


HOV 

A .fRr 

IlllOOOr 

FO+r 

(A)^[(Rr)] r=0.1 


1 

(4) 

MOV 

AJi 

00100011 

23 

(A) ^i 


2 

MOV 

Rr. A * 

11 n 1111 
10101rrr 

ii 

A8+r 

(Rr)^(A) r=0'-7 


1 



MOV 

IRr. A" 

lOIOOOOr 

AO-r 

l(Rr)]4-(A) r=0.1 


1 


(2).Subroutine Instruction (3) .Flag Instruction 

( 4 ) .Hove Instruction 


C 

1 

a 

1 

3 

n 

Assembler 

Mnemonic 

Object Code 
(1st) 
(2nd) 

Function 

Flag 

C.AC 

:ycle 

jL 

Bin. 

Hex. 



HOV 

Rr.li 

lOllIrrr 


(Rr)--i r-0-7 


2 





iiiiiiii 

n 




H 


HOV 

NRr.li 

lOIIOOOr 

BO*r 

l(Rr)]-i r=0.1 


2 

0 




iiiiiiii 

ii 




V 


HOV 

A.PSH 

11000111 

C7 

(A) -(PSH) 


1 

e 


HOV 

PSH.A 

11010111 

D7 

(PSW) -(A) 


1 



XCH 

A.Rr 

OOlOIrrr 

28^ r 

(A) -(Rr) r-0-7 


1 

I 


XCH 

A.RRr 

OOlOOOOr 

20-r 

(A) -((Rr)] r-0.1 


1 

n 


XCHO 

A.NRr 

OOllOOOr 

30-r 

(A)<3 0>-[(Rr)<3 0>] r=0.1 


1 

s 


MOVX 

8Rr.A 

lOOIOOOr 

90-r 

EXTl(Rr)] --(A) r-0.1 


1 

t 


HOVX 

A m 

lOOOOOOr 

80-r 

(A) -EXTKRr)] r-O 1 


1 



HOVP 

A.RA 

10100011 

A3 

(A) --PR0f(PC)<11 8> • (A)] 


1 



H0VP3 

A.«A 

11100011 

E3 

(A) -PR0[(PC)<11>- 011 • (A)] 


1 

TC 

MOV 

A,T 

01000010 

42 

(A) -(TR) 


1 

io 

MOV 

T.A 

01100010 

62 

(TR)-(A) 


1 

m 

STRT 

T 

01010101 

55 

Start Timer 


1 

en 

SIRT 

CNT 

01000101 

45 

Start counter 


1 

rt 

STOP 

TCNT 

01100101 

65 

Stop Timer/Counter 


1 


0 

EH 

TCNTl 

00100101 

25 

Enable Timer/Counter Interrupt 


1 


r 

OIS 

TCHTI 

00110101 

35 

Disable Timer/Counter Interrupt 


1 

(5) 







C 









0 


EN 

I 

00000101 

05 

Enable External Interrupt 


1 

n 


DIS 

I 

00010101 

15 

Disable External Interrupt 


1 

t 


SEL 

RBO 

11000101 

C5 

(BS)-- 0 


1 

r 


SEL 

RBI 

11010101 

05 

(BS)- 1 


1 

0 


SEL 

HBO 

11100101 

E5 

(DBF) - 0 


1 

1 


SEL 

MB1 

11110101 

F5 

(DBF) ^ 1 


1 



FNTO 

CLK 

01110101 

75 

Enable Clock Output on TO 


1 



HALT 


00000001 

01 

Halt 


1 

m 

NOP 

00000000 

00 

no opration 


1 


"(5) .A/0 Converter Instruction (6) .Other 















INTEGRATED CIRCUIT 

TMP80C48AP/-6, TMP80C35AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C48AF/-6 


TMP80C48AP/TMP80C35AP/TMP80C48AF ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 



SYMBOL 

I ITEM i 

RATING 


VCC 

!VCC Supply Voltage (with respect to GND (VSS))| 

-0.5V to +7V 


VINA 

I Input Voltage (Except EA) 1 

-0.5V to VCC+0.5V 


VINB 

linput Voltage (Only EA) I 

-0.5V to 13V 


PD 

[Power Dissipation (Ta=70‘C) 1 

250mW 


TSOLDER 

[Soldering Temperature (Soldering Timer 10 sec) 1 

. 260*C 


TSTG 

[Storage Temperature 1 

-65*C to 150*C 

i; 

TOPR 

[operating Temperature [ 

0‘C to 70*C 


DC CHARACTERISTICS 

TOPR=0‘C to 70*C, VCC=+5V±10%, VSS=OV, unless otherwise noted. 


1 SYMBOL 1 PARAMETER 

1 TEST CONDITIONS [ MIN.[ 

TYP . 

1 MAX.1 

UNIT [ 

1 VIL 

(input Low Voltage (Except 
[XTALl, XTAL2, RESET) 

1 1-0.5 1 

1 1 1 

— 

1 0.8 1 

1 1 

V 1 

1 

1 VILl 

[input Low Voltage 
[(XTALl, XTAL2, RESET) 

1 i-0.5 1 

“ 

1 0.6 1 

I i 

V [ 

1 

( VIH 

1 

[input High Voltage (Except 
[XTALl, XTAL2, RESET, PS) 

1 ! 2-2 i 

- 

1 VCC [ 

i 1 

V [ 

1 VIHl 

[input High Voltage(Except 
[XTALl, XTAL2, RESET, PS) 

i 10.7 xj 

1 1 vcci 


1 VCC [ 

[ [ 

V [ 

! 

1 VOL 
! 

1 Output Low Voltage 
! (Except P10-P17, P20-P27) 

[lOL=1.6mA [ - [ 

[ ! 

- 

1 0.45! 
i 

V i 

1 

i VOLl 

1 

[Output Low Voltage 
[ (P10-P17, P20-P27) 

ilOL=1.2inA [ - : 

[ 1 : 

- 

: 0.45! 

V i 

1 

1 VOHll 

[Output High Voltage 
[(Except P10-P17, P20-P27) 

|lOH=-1.6mA 1 2.4 [ 

[ 1 1 

- 

1 [ 

V 1 

I 

1 VOH12 

[Output High Voltage 
[(Except P10-P17, P20-P27) 

[lOH=-400liA [VCC- 1 

[ [ 0.81 


- i 

1 1 

V [ 

[ 

1V0H21 

[Output High Voltage 

1 (P10-P17, P20-P27) 

|lOH=-50uA 1 2.4 ( 

1 [ 1 

- 

1 - 1 

1 

V i 
[ 

V0H22 

[Output High Voltage 
i (P10-P17 , P20-P27) 

|I0H=-25UA !VCC- 1 

1 1 0.81 

— 

I - 1 

1 1 

V [ 

1 

jlLI 

[input Leak Current 

1 (T1 , INT, EA, PS) 

[VSS<VIN<VCC [ - 1 

- 

1 ±10 1 

1 1 

\lA [ 

1 

jlLIl 

1 Input Leak Current 

1 (SS, RESET) 

ivSS<VIN<VCC 1 - 

i - ■ II 

- 

1 -50 1 

1 1 

UA 1 

1 

|ILI2 

[input Leak Current 
[ (P10-P17 , P20-P27) 

[VSS+0.45V<VIN<VCC| - [ 


1-500 1 

1 1 

yA 1 

1 

1 ILO 

[Output Leak Current(BUS,TO) 

1(High impedance condition) 

ivSS+0.45V<VIN<VCC| - 1 

1 ° ■ 1 1 

- 

1 ±10 1 

1 I 

UA [ 

jlCCl 

1 [ Normal 

[VCC Supply 1 operation 

iVCC=5V,fXTAL=6MHz| - I 

1 VIH=VCC-0.2V 1 1 


1 10 1 

1 1 

mA I 

1 ICCHl 

1 Current [ w j 

1 1 HALT Mode 

|VIL=0.2V 1 - 1 

1 1 1 


1 2.51 

1 1 

[ 

1 

1ICC2 

1 [ Normal 

[VCC Supply 1 operation 

|VCC=5V, 1 - 1 

|fXTAL=llMHz 1 1 

- 

1 15 1 

1 1 

1 

mA [ 

1 ICCH2 

[ Current 1 m j 

1 1 HALT Mode 

|VIH=VCC-0.2V [ - 1 

|VIL=0.2V 1 1 

- 

1 4.01 

1 1 

1 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMP80C48AP/-6, TMP80G35AP/-6 

TECHNICAL DATA 

TMP80C48AF/-6 


TMP 80C48AP /TMP 80C35AP /TMP 80C48AF 


AC CHARACTRISTICS 

TOPR=0*C to 70'C) VCC=-f5V±10%, VSS=0V, unless otherwise noted. 


1 SYMBOL 

1 PARAMETER 


{TEST 

{ f(t) 

11 

MHz 

{UNIT 






{CONDITION 

1 

MIN. 

r 

MAX. 

1 




t 

1 Clock Period 


{Note 2 

( 1/xtal f 

90.9 

1 

1000 1 

ns 



tLL 

IALE Pulse Width 


{ 

{3.5t-170 

150 

{ 

- 

1 

ns 



tAL 

lAddress Setup Time (ALE) 


{ 

{ 2t-110 

70 

1 

- 

1 

ns 



tLA 

{Address Hold Time (ALE) 


{ a=20pF 

{ t-40 ‘ 

50 

1 

- 

{ 

ns 



tCCl 

{Control Pulse Width 

1 (RD, WR) 


{ 

{ 

|7.5t-200 

1 

480 

r 

1 

■ 

1 

ns 



tCC2 

{Control Pulse Width 

1 (PSEN) 


1 

1 

{ 6t-200 

{ 

350 

1 

“ 

1 

1 

ns 



tDW 

iData Setup Time 

1 (WR) 


1 

1 

|6.5t-200 

1 

390 

1 

1 

~ 

1 

1 

ns 



tWD 

[Data Hold Time 

1 (WR) 


1 CL=20pF 

1 

1 t-50 

1 

40 

1 

1 


1 

1 

ns 



tDR 

{Data Hold Time 

1 (RD, PSEN) 


{ CL=20pF 

1 

{1 .5t-30 
{ 

0 

{ 

{ 

no 

1 

1 

ns 



tRDl 

iData Input Read Time 

1 (RD) 


1 

1 

{ 6t-170 

"■ 

1 

1 

375 

1 

1 

ns 



tRD2 

{Data Input Read Time 

1 (PSEN) 


1 

1 

{4.5t-170 


1 

1 

240 

1 

1 

ns 


} 

tAW 

lAddress Setup Time 

1 (WR) 


1 

1 

{ 5t-150 

j 

300 

1 

“ 

1 

ns 



tADl 

lAddress Setup Time 

1 (RD) 


I 

i 

ll0.5t-220 

1 


j 

1 

730 

1 

i 

ns 

1 

1 


tAD2 

{Address Setup Time 
{ (PSEN) 


1 

1 

17.5t-200 

1 

~ 

1 

1 

460 

! 

i 

ns 



tAFCl 

{Address Float Time 

1 (RD, WR) 


1 CL=20pF 

1 

{ 2t-40 

1 

140 

1 

1 


1 

1 

ns 



tAFC2 

{Address Float Time 

1 (PSEN) 


1 a=20pF 
! 

|0.5t-40 

1 

10 

1 

1 


1 

1 

ns 



tLAFCl 

IALE to Control Time 

1 (RD, WR) 


1 

1 

1 3t-75 

1 

200 

1 

1 


1 

1 

ns 



tLAFC2 

{ale to Control Time 

1 (PSEN) 


1 

1 

|1.5t-75 

1 

60 

1 

1 

- 

1 

1 

ns 



tCAl 

{Control to ALE Time 

1 (RD, WR, PROG) 


1 

1 

1 t-65 

1 

25 

1 

1 


1 

1 

ns 



tCA2 

{Control to ALE Time 

1 (PSEN) 


1 

1 

1 4t-70 

1 

290 

1 

1 

~ 

1 

1 

ns 



tCP 

(Port Control Setup Time 

(PROG) 

{ 

{1 .5t-80 

50 

1 

- 

1 

ns 



tPC 

{Port Control Hold Time 

(PROG) 

i 

{ 4t-260 

100 

1 

- 

1 

ns 



tPR 

{Port 2 Input Data Setup 
{ (PROG) 

Time 

1 

1 

18 .5t-120 

1 

” 

1 

1 

650 

1 

1 

ns 



tPF 

(Port 2 Input Data Hold Time 
{ (PROG) 

1 

1 

|1.5t 

1 

0 

T 

1 

140 

T 

1 

ns 



tDP 

{Port 2 Output Data Setup 
{ (PROG) 

Time 

1 

1 

1 6t-290 

1 

250 

1 

1 

*“ 

i 

1 

ns 



tPD 

{Port 2 Output Data Hold 

1 (PROG) 

Time 

1 

1 

|1.5t-90 

1 

40 

1 

i 


1 

1 

ns 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C48AP/-6, TMP80C35AP/-6 
TIIIIP80C48AF/-6 


IMP 80 C48 AP /TMP 80 C35 AP /TMP 80 C48 AF 


AC CHARACTRISTICS (CONTINUE) 

TOPR=0*C to 70*C, VCC=-f 5V±10%, VSS=0V, unless otherwise noted. 


1 SYMBOL 

1 PARAMETER 

[TEST 


f(t) 1 

11 

MHz 

[UNIT [ 



1 CONDITION 



MIN. 

1 MAX. 

1 [ 

1 tPP 

[PROG Pulse Width 

[ 


10.5t-250| 

700 

[ ~ 

[ ns [ 

1 tPL 

[Port 2 I/O Data Setup Time(ALE)| 


4t-200 [ 

160 

1 

[ ns I 

1 tLP 

[Port 2 I/O Data Hold Time 

(ALE) 1 


1.5t-120 1 

15 

1 - 

1 ns [ 

1 tPV 

jPoer Output Delay Time 

(ALE) 1 


4.5t + 100 ‘[ 

- 

[ 510 

[ ns 1 

! tOPRR 

[TO Clock Period 

[ 


3t 1 

270 

1 “ 

1 ns [ 

1 tCY 

[Cycle Time 

1 


15t [ 

1.36 

[15.0 

1 US [ 


Note ; 1. Control Output CL=80pF, BUS Output CL=150pF. 

2. The f(t) assumes 50% duty cycle on XTALl and XTAL2. 

The Max. Clock frequency is llMHz. and the Min. Clock frequency is 
IMHz. 
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_.^.INTEGRATED CIRCUIT 


TOSHIBA 

TMP80C48AP/-6, TMP80C35AP/-6 

TECHNICAL DATA 

TMP80C48AF/-6 


TMP80CA8AP-6/TMP80C35AP-6/TMP80C48AF-6 ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 



SYMBOL 

I ITEM I 

RATING 



VCC 

|VCC Supply Voltage (with respect to GND (VSS))l 

-0.5V to +7V 



VINA 

I Input Voltage (Except EA) I 

-0.5V to VCC+0.5V 



VINB 

linput Voltage (Only EA) I 

-0.5V to 13V 



PD 

iPower Dissipation (Ta=85*C) i 

250mW 



TSOLDER 

ISoldering Temperature (Soldering Timer 10 sec)I 

260-C 



TSTG 

IStorage Temperature f 

-65'C to 150'C 



TOPR 

lOperating Temperature I 

-40‘C to 85*C 



DC CHARACTERISTICS (l) 

_TOPR = -40*C to 85‘C, VCC=+5V±10%, VSS=0V, unless otherwise noted 


1 SYMBOL 

1 PARAMETER 

I TEST CONDITIONS 1 

MIN. 

1 

TYP . 

1 MAX. 

UNIT 1 

1 VIL 

iInput Low Voltage 

1 

1 1 

1 1 

-0.5 

i 

1 

— 

1 0.8 

V 1 

I VIH 

linput High Voltage (Except 
IXTALl, XTAL2, RESET, PS) 

1 1 

1 1 

2.2 

1 

1 

— 

1 VCC 1 

V 1 

! VIHl 

linput High Voltage 

KXTALI, XTAL2, RESET, PS) 

1 1 
i 1 

0.7 
x VCC 

1 

1 

- 

1 VCC 1 

V 1 

1 VOL 

1 Output Low Voltage 

I (Except P10-P17, P20-P27) 

|IOL=1.6mA 1 

1 1 

— 

1 

1 

— 

1 0.451 

V 1 

IVOLl 

lOutput Low Voltage 
KP10-P17, P20-P27) 

|lOL=1.2mA 1 

! 1 

- 

1 

1 

— 

1 0.451 

V 1 

j VOHll 

lOutput High Voltage 

1 (Except P10-P17, P20-P27) 

!I0H=-1.6mA I 

i ! 

2.4 

1 

i 

- 

1 “ 1 

V 1 

ivOH12 

lOutput High Voltage 

1 (Except P10-P17, P20-P27) 

1IOH=-400uA 1 

1 1 

vcc- 

0.8 

1 

1 

— 

1 “ ! 

V 1 

1V0H21 

lOutput High Voltage 

1 (P10-P17, P20-P27) 

|IOH=-50mA 1 

1 1 

2.4 

1 

1 

— 

1 ” 1 

V 1 

1VOH22 

iOutput High Voltage 
|(P10-P17, P20-P27) 

1 IOH=-25uA 1 

1 1 

VCC- 

0.8 

r 

1 

— 

1 ~ 1 

V 1 

llLI 

linput Leak Current 
i(Tl, INT, EA, PS) 

|VSS<VIN<VCC 1 

— 

T 

1 

— 

I ±10 1 

UA 1 

IlLIl 

linput Leak Current 

1(SS, RESET) 

ivSS<VIN<VCC 1 

— 

T 

1 

— 

1 -50 1 

UA 1 

|ILI2 

linput Leak Current 

1 (P10-P17, P20-P27) 

ivSS+0.45V<VIN<VCCl 

— 

T 

1 

- 

1-500 1 

yA 1 

1 ILO 

lOutput Leak Current(BUS,TO) 

1 (High impedance condition) 

1 VSS+0.45V<VIN<VCC 

- 

r 

1 

— 

1 ±10 1 

yA 1 

ICCl 

1 1 Normal 

IVCC Supply 1 operation 

rvCC=5V,fXTAL=6MHzi 

1 VIH=VCC-0.2V 1 

- 

r 

1 

— 

1 10 1 

mA 1 

i ICCHl 

j 1 HALT Mode 

■lVIL=0.2V r 

1 1 

— 

r 

1 

— 

1 2.51 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C48AP/-6, TMP80C35AP/-6 
TMP80C48AF/-6 


TMP80C48AP-6/TMP80C35AP-6/TMP80C48AF-6 ELECTRICAL CHARACTERISTICS 


DC CHARACTERISTICS (II) 

_ TQPR=-40*C to 85'C, VCC=-f 5V±20%, VSS=OV, unless otherwise noted. 


1 SYMBOL 

1 PARAMETER 

[ TEST CONDITIONS [ MIN.[ 

TYP . 1 

MAX. [ 

UNIT [ 

1 VIL 

[Input Low Voltage 

1 

1 [-0.5 1 

[ [ [ 

- [' 

0.15 1 

X VCC[ 

V [ 

IVIH 

1 Input High Voltage (Except 

[ [0.5 [ 

1 

VCC [ 

V 1 


IXTALl, XTAL2, RESET, PS) 

1 [x VCC[ 

[ 

1 


1 VIHl 

linput High Voltage 

1 [0.7 [ 

“ [ 

VCC [ 

V 1 


KXTALI, XTAL2, RESET, PS) 

[ [x VCC[ 

[ 

[ 


1 VOL 

[Output Low Voltage 
[(Except P10-P17, P20-P27) 

[lOL=1.6iiiA 1 - [ 

[ [ [ 

[ 

0.451 

1 

V 

IVOLl 

[Output Low Voltage 

I (P10-P17 , P20-P27) 

[lOL=1.2mA 1 - [ 

1 [ [ 

1 

0.451 

1 

V [ 

IVOH12 

[Output High Voltage 

[lOH=-400pA [VCC- [ 

- [ 

- [ 

V 1 


[(Except P10-P17, P20-P27) 

[ 1 0.8[ 

1 

[ 


ivOH22 

[Output High Voltage 

[IOH=-25mA [VCC- [ 

- [ 

- [ 

V 


[(P10-P17, P20-P27) 

[ 1 0.81 

[ 

1 

[ 

IlLI 

[input Leak Current 

(VSS<VIN<VCC 1 - 1 

1 

±10 1 

UA 1 


|(T1, INT, EA, PS) 


1 

[ 


IlLIl 

[input Leak Current 

[VSS<VIN<VCC 1 - 1 

1 

-VCC [ 

pA [ 


i(SS, RESET) 


[ 

0.1 [ 


IILI2 

[input Leak Current 

ivSS+0.45V<VIN<VCci - [ 

- 1 

-VCC 1 

pA 1 


[ (P10-P17, P20-P27) 

i 1 ! 

! 

0.01 [ 


! ILO 

[Output Leak Current(BUS,TO) 

! VSS+0.45V<VIN<VCC( - [ 

- 1 

±10 ! 

pA ( 


[ (High impedance condition) 


1 

[ 


ilCCl 

1 [ Normal 

[VCC Supply [ Operation 

VCC=5V,fXTAL=6MHz ~ 

' T7T u— 17 nri—n ot7 I 1 

[ 

10 [ 

[ 

mA [ 

! ICCHl 

[ Current [ „ . ^ lor j 

I 1 HALT Mode 

|VinVUL-U.ZV, 1 l~ 

jviH=0.2V j ” 1 

[ 

2.5[ 

1 
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INTEGRATED CIRCUIT 

TMP80G48AP/-6, TMP80G35AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80G48AF/-6 


TMP80C48AP-6/TMP80C35AP-6/TMP80C48AF-6 


AC CHARACTRISTICS 

TOPR=-40*C to 85 VCC=-^5V±2Q%, VSS=QV, unless otherwise noted. 


1 SYMBOL 1 PARAMETER 

[TEST 

! f(t) 

T 

6 

MHz 

[UNIT 


1 ; 

1 CONDITION 

1 

1 

MIN. 

T 

MAX. 

1 



1 t ' Clock Period 

[Note 2 

j 1/xtal f 

1166.6 


1000 

1 

ns 


1 tLL !ALE Pulse Width 

1 

I3.5t-170 

1 

410 


- 

1 

ns 


! tAL i Address Setup Time (ALE) 

i 

1 2t-110 

1 

220 

1 

1 

- 


ns 


t L4 Address Hold Time (ALE) 

1 CL=20pF 

! t-40 ’ 

1 

120 


- 

j 

ns 


i tCCl Control Pulse Width 

j 

!7.5t-200 

1 

1050 


- 

i 

ns 


1 1 (RD, WR) 

1 

1 

1 




1 



I tCC2 1 Control Pulse Width 

1 

1 6t-200 

1 

800 


- 

1 

ns 


1 ! (PSEN) 

1 

1 

1 




I 



tDW iData Setup Time 

1 

i6.5t-200 

1 

880 


- 

i 

ns 


1 1 (WR) 

1 

1 

1 




1 



1 tWD iData Hold Time 

1 CL = 20pF 

1 t-50 

i 

120 


- 

i 

ns 


1 1 (WR) 

1 

1 

1 

i 

1 




i 



tDR Data Hold Time 

1 CL=20pF 

on 

rt 

1 

CO 

o 

1 

0 


220 

1 

ns 


1 i (RD, PSEN) 

1 

1 

1 




1 



tRDl Data Input Read Time 

! 

1 6t-170 

1 

- 


830 

1 

ns 


1 ! (RD) 

1 

1 

1 


1 


j 



1 tRD2 iData Input Read Time 

1 

14.5t-170 

1 

- 


580 

i 

ns 


1 1 (PSEN) 

i 

i 

1 




i 



1 tAW iAddress Setup Time 

1 

1 5t-150 

1 

680 

1 

- 

j 

ns 

i 

1 

1 i (WR) 

i 

i 

i 


i 


i 



tADl .Address Setup Time 

1 

ii0.5t-220 

j 

- 

11530 

; 

ns 

j 

1 ' (RD) 

1 

i 

1 


1 


1 


j 

tAD2 IAddress Setup Time 

1 

|7.5t-200 

1 

1 

- 

1 

1050 

1 

ns 


1 1 (PSEN) 

i 

1 

i 


1 


1 


i 

1 tAFCliAddress Float Time 

1 CL=20pF 

i 2t-40 

1 

290 

1 

1 

- 

1 

ns 

i 

i 1 (RD, WR) 

1 

! 

i 


1 


1 



tAFC2 Address Float Time 

! a= 20 pF 

i0.5t-40 

1 

1 

40 

1 

- 

1 

ns 


1 1 (PSEN) 

i 

1 

1 


i 





jtLAFCllALE to Control Time 

1 

1 3t-75 

i 

420 

1 

- 

1 

ns 


i ! (RD, WR) 

1 

1 

1 


1 


1 



|tLAFC2!ALE to Control Time 

1 

|1.5t-75 

1 

175 

1 

- 

1 

ns 


1 1 (PSEN) 

1 

I 

1 


1 


1 



tCAl Control to ALE Time 

1 

1 t-65 

1 

1 

100 

1 

- 

1 

ns 


1 i (RD, WR, PROG) 

1 

i 

1 


1 


1 



! tCA2 [Control to ALE Time 

j 

1 4t-70 

1 

590 

1 

- 

1 

ns 


1 i (PSEN) 

i 

! 

1 


1 


1 



tCP [Port Control Setup Time (PROG) 

1 

|1.5t-80 

1 

1 

370 

1 

- 

1 

ns 


tPC Port Control Hold Time (PROG) 

1 

1 4t-260 

1 

i 

400 

1 

- 

1 

ns 


1 tPR iPort 2 Input Data Setup Time 

1 

|8.5t-120 

1 

- 

i 

1290 

1 

ns 


i 1 (PROG) 

1 

1 

1 


1 


1 



1 tPF iPort 2 Input Data Hold Time 

1 

|l.5t 

1 

0 

1 

250 

1 

ns 


1 1 (PROG) 

1 

1 

1 


1 


1 



i tDP iPort 2 Output Data Setup Time 

1 

1 6t-290 

1 

710 

1 

- 

1 

ns 


1 1 (PROG) 

1 

1 

1 


1 


1 



1 tPD [Port 2 Output Data Hold Time 

1 

on 

rr 

1 

O 

1 

160 

1 

- 

1 

ns 


1 ! (PROG) 

1 

1 

1 


1 


1 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMP80C48AP/-6, TMP80C35AP/-6 

TECHNICAL DATA 

TMP80G48AF/’6 


TMP80C48AP-6/TMP80C35AP-6/TMP80C48AF-6 


AC CHARACTRISTICS (CONTINUE) 

TOPR=-40*C to 83 *C, VCC=-^3V±20%, VSS=0V, unless otherwise noted. 


i SYMBOL 1 PARAMETER 

[TEST 

1 f(t) 1 

6 

MHz 

lUNIT1 

1 

1 

i CONDITION 

1 1 

MIN. 

i MAX. 

1 1 

1 tPP 

IPROG Pulse Width 

1 

110.5t-250 1 

1500 

1 - 

1 ns ! 

1 tPL 

|Port 2 I/O Data Setup Time(ALE)l 

i 4t-200 1 

460 

1 

1 ns 1 

1 tLP 

iPort 2 I/O Data Hold Time 

(ALE) ! 

!0.5t-30 1 

130 

I - 

1 ns ! 

1 tPV 

[Port Output Delay Time 

(ALE) 1 

I4.5t+100 1 

- 

1 850 

1 ns 1 

1 tOPRRlTO Clock Period 

1 

1 3t 1 

500 

1 - 

1 ns i 

1 tCY 

iCycle Time 

1 

1 15t 1 

2.5 

il5.0 

1 MS ! 


Note : 1. Control Output CL=80pF. BUS Output CL=150pF. 

2. The f(t) assumes 50% duty cycle on XTALl and XTAL2. 

The Max. Clock frequency is 6MHz. and the Min. Clock frequency is 
IMHz. 
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INTEGRATED CIRCUIT 

TMP80C48AP/-6, TMP80C35AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C48AF/-6 


TIMING WAVEFORM 

A. Instruction Fetch from External Program Memory 



B. Read from External Data Memory 
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TOSHIBA 


INTEGRATED CIRCUIT 


TMP80C48AP/-6, TMP80C35AP/-6 
TMP80C48AF/-6 


TECHNICAL DATA 











INTEGRATED CIRCUIT 

TMP80C48AP/-6, TMP80C3SAP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C48AF/-6 


POWER DOWN MODE (I) . Data Hold Mode in RAM 

The operation of osci llation circuit is suspended by setting PS terminal to 
low level after RESET terminal has been set to low level. Consequently, all 
the data in RAM area can be held in low power consumption. 

The minimum hold voltage of VCC in this mode is 2V. 

PS terminal is set to high level to resume oscillation after VCC has been 
reset to 5V, and then RESET terminal is set to high level, thus, the normal 
mode is restarted from the initialize operation (address 0 ). 


DC CHARACTERISTICS 

TMP80C48AP/TMP80C35AP/TMP80C48AF : TOPR=0*C to 70*C, VSS = OV 

TMP80C48AP-6/TMP80C35AP-6/TMP80C48AF-6 : TOPR=-40*C to 85*C, VSS=0V 


1 SYMBOL 1 

PARAMETER 

1 TEST CONDITION 

1 MIN.I TYP.I MAX. 

1 UNIT 1 

1 1 
VSBl 1 

Standby Voltage(l) 

1 

1 

1 1 1 

1 2.0 1 - 1 6.0 

1 1 

1 V 1 

1 1 


1VCC=5V,VIH=VCC-0.2V, 

1 ! 1 

1 1 

! iSBi ! 

Standby Current(1) 

!VIL=0.2V 

1 - 1 0.5 1 10 

1 uA 1 


DC CHARACTERISTICS 

TMP80C48AP/TMP80C35AP/TMP80C48AF : TOPR= O’C to 70 ’C,VCC=5V±10%,VSS=OV 

TMP80C48AP-6/TMP80C35AP-6/TMP80C48AF-6 : TOPR=-40 * C to 85 * C, VCC=5V±2Q%, VSS=0V 


1 SYMBOL 

! PARAMETER 


iTEST CONDITION 

' MIN 

! TYP 

! MAX. 

UNIT 1 

tPSHR 

1 

'Power Save Hold Time 

(RESET) 

1 

1 

! 

i 10 

1 

1 

1 

1 

1 

uS 1 

1 

i tPSSR 

jPower Save Setup Time 

(RESET) 

1 

1 

10 

1 

1 

1 

1 

1 

mS 1 

1 

ItVH 

1 _ 

Ivcc Hold Time (PS) 


1 

1 

1 5 

1 

1 

1 

ys 1 

1 

ItVS 

IVCC Setup Time (PS) 


1 

1 

i 

1 5 

1 

1 

1 

uS 1 


Note: tCY=2.5uS (fXTAL= 6 MH 2 ) 


TIMING WAVEFORM 
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INTEGRATED CIRCUIT 

TMP80C48AP/-6, TMP80C35AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C48AF/-6 


POWER DOWN MODE (II) .ALL Data Hold Mode 

The operation of_oscillation circuit is suspended by setting PS terminal to 
low level after SS terminal has been set to low level. Consequently, all data 
can be held in low power consumption. 

The minimum hold voltage of VCC in this mode is 3V. 

PS terminal is set to_high level to resume oscillation after VCC has been 
reset to 5V, and then SS terminal is set to high level, thcts , the normal mode 
is restarted continuously from the state just before the power down mode (II). 


DC CHARACTERISTICS 

TMP80C48AP/TMP80C35AP/TMP80C48AF : TOPR=0*C to 70*C, VSS=0V 

TMP80C4 8 AP-6/TMP80C35AP-6/TMP80C48AF-6 : TOPR=-40‘C to 85'C, VSS=0V 


I SYMBOL 1 

PARAMETER 

1 TEST CONDITION 

1 MIN.I TYP.i MAX. 

UNIT 1 

1 

VSB2 ! 

Standby Voltage(2) 

1 

1 

1 3.0 1 - 1 6.0 

1 

V 1 

i I 

1 ISB2 i 

Standby Current(2) 

lVCC=5V,VIH=VCC-0.2V, 

1VIL=0.2V 

1 1 1 

1 - 1 0.5 1 10 

1 1 

1 UA 1 


AC CHARACTERISTICS 

TxMP80C48AP/TMP80C35AP/TMP80C48AF : TOPR= 0*C to 70 * C, VSS=5V±10% , VSS=0V 

TMP80C48AP-6/TMP80C35AP-6/TMP80C48AF-6 : TOPR=-40'C to 85 ^C,VCC=5V±20%,VSS=0V 


! SYMBOL 

I PARAMETER 


iTEST condition! 

MIN. 

I TYP. 

! MAX.1 

UNIT ! 

! tPSHS 

i 

iPower Save Hold Time 

(SS) 

i 1 

! 1 

10 

1 

1 - 

1 i 

1 - ! 

us i 

I 

1 tPSSS 

i 

Power Save Setup Time 

(^) 

I 

10 

! 

! 

1 1 

1 

mS 1 

1 

! tVH 

i 

Ivcc Hold Time (PS) 


i 

1 

5 

1 

1 - 

1 i 

i - 1 

1 

us 1 

! 

tvs 

1 

ivcc Setup Time (PS) 


1 

i 

5 

1 

1 - 

1 1 

1 - 1 

1 

US 1 


Note: tCY = 2.5iiS (fXTAL = 6MHz) 


TIMING WAVEFORM 
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INTEGRATED CIRCUIT 

TMP80C48AP/-6, TMP80C35AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C48AF/-6 


HALT MODE 

. 1 HALT INSTRUCTION 

OP code is "OlH", HALT INSTRUCTION is an additional instruction to the 
standard 8048/8049 instruction set. 

. 2 Entry to HALT MODE 

On the execution of HALT INSTRUCTION, TMP80C48A/XMP30C35A enter HALT 
MODE. 

. 3 Status in HALT MODE 

The oscillator continues its operation, however, the internal clocks and 
internal logic values just prior to the execution of HALT INSTRUCTION are 
maintained. Power consumption in HALT MODE is less than 50% of normal 
operation. The status of each pins are described in the following table. 

. 4 Release from HALT MODE 

HALT MODE is released by either of two signals (RESET,INT). 


(1) RESET Release Mode : An active RESET input signal causes the normal reset 
function. TMP80C48A/TMP80C35A start the program at address ”000 H”. 

(2) INT Release Mode : An active INT input signal causes the normal oper¬ 
ation. 

In case of interrupt enable mode (El MODE), TMP80C48A/TMP80C35A execute 
the interrupt service routine, after the execution of one instruction 
which is located at the next address after HALT INSTRUCTION. 

In case of interrupt disable mode (DI MODE), TMP80C48A/TMP80C35A execute 
normal operation from the next address after HALT INSTRUCTION. 

. 5 Supply Voltage Range in HALT MODE 

The operating supply voltage range and the operating temperature range 
are same as in normal operation. 
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_INTEGRATED CIRCUIT 


TOSHIBA 

TMP80C48AP/-6, TMP80C35AP/-6 

TECHNICAL DATA 

TMP80G48AF/-6 


PIN STATUS IN POWER DOWN MODE (I) (II) 


1 PIN NAME 

1 STATUS 


1 DBO - DB7 



1 PIO - P17 

-| High impedance 


1 P20 - P27 

-| Input disabled 


1 TO 

1 High impedance, input disabled 


i T1 

1 Input disabled 


1 XTALl 

1 High impedance 


1 XTAL2 

1 Output “High" Level 



1 Input disabled when oscillator is stopped. 


1 RESET, SS 

1 Pull-up transistors turn off. 


1 Tnt, EA 

1 Input disabled when oscilltor is stopped. 


1 W, ALE 

1 

1 High impedance 


1 PROG, PSEN 

! 



PIN STATUS IN HALT MODE 


1 PIN NAME 

i STATUS 


1 DBO - 

DB7 

1 , 

of HALT 

1 PIO - 

P17 

"j Values prior to the execution 

1 P20 - 

P27 

1 iiNk>iK.UL/iiOiM axt^ Ilia iLiuaineci • 


1 TO 


i Status prior to the execution 

1 INSTRUCTION is maintained. 

of HALT ! 

1 T1 


1 Input disabled 


XTALl, 

XTAL2 

1 Continue oscillation 




1 Input enabled 


I RESET, 

INT 


SS, EA 

1 Input disabled 


RD, WR 

> 

1 

1 Output "High" level 


1 PROG, 

PSEN 

1 


1 ALE 


1 Output “Low" level 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C48AP/-6, TMP80G35AP/-6 
TMP80C48AF/-6 














TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP80G48AP/-6, TMP80C35AP/-6 
TMP80G48AF/-6 


Unit in mm 














TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80G48AP/-6, TMP80C3SAP/-6 
TMP80C48AF/-6 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80G49AP/-6, TMP80C39AP/-6 
TMP80C49AF/-6 


8 -BIT SINGLE-CHIP MICROCOMPUTER 

TMP 80 C49 AP / TMP 80 C4 9 AP - 6 
TMP 80C49AP /TMP 80C39AP -6 
TMP80C49AF/TMP80C49AF-6 


GENERAL DESCRIPTION 

The TMP80C49A is a single chip microcomputer fabricated in Silicon Gate CMOS 
technology which provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been included 
in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K x 8 ROM program 
memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP80C49A is particularly efficient as a controller. It has extensive bit 
handling capability as well as facilities for both binary and BCD arithme¬ 
tic . 

The TMP80C39AP/-6 is the equivalent of a TMP80C49AP/-6 without ROM program 
memory on chip. By using this device with external EPROM or RAM, software 
debugging becomes easy. 

The TMP80C49AP/-6 and TMP80C39AP/-6 are in a standard Dual Inline Package. 

The TMP80C49AF/-6 is in a 44-pin Flat Package. 

FEATURES 


. Low Power 

10mA MAX. in Normal Operation 
(VCC=5V, fXTAL=6MHz) 
lOuA Max. in Power Down Mode 
(VCC=5V, fXTAL : DC) 

. Single Power Supply 
. Power Down Mode (Stand-by Mode) 
. Halt Mode (Idle Mode) 

. HALT Instruction (Additional Instruction) 

. 2K X 8 masked ROM 
. 128 X 8 RAM 
. 27 I/O lines 

. Interval Timer/Event Counter 


TMP 80 C49 AP /IMP 80 C39AP /IMP 80 C49AF 
1.36ys Instruction Cycle Time 
O'C to 70*C, 5V ±10% 
TMP80C49AP-6/TMP80C39AP-6/TMP80C49AF-6 
2.5 ys Instruction Cycle Time 
-40*C to 85*C, 5V ±20% 

Software Upward Compatible with 
TMP8049AP/TMP80C49P-6/INTEL’S 8049 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMP80C49AP/-6, TMP80C39AP/-6 

TECHNICAL DATA 

TMP88C49AF/-8 


PIN CONNECTIONS (TOP VIEW) 


Toe 
XTALj C 
XTALp C 

Tktc 

RP C 

P^C 

vntz 


1 

2 
3 
A 

5 

6 

7 

8 

9 

10 
ALEcdll 
DB 0 CI 2 
DB]C13 

db2c:ia 

DB 3 C 15 
DBi,C16 
DB5CI7 
DB^PIB 




^SSH 


20 


AO 

39 

38 

37 

36 

35 

3A 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 


P^CC 
Tl 
I3P27 
I1P26 
:3P25 


□ P 
UP 

UP 


(+5V) 


^24 

17 

16 

15 

14 


=3Pi3 

UP 12 

=»Pn 

UPROG 


PP: 


PP20 



- 656 - 





TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C49AP/-6, TMP80C39AP/-6 
TMP80C49AF/-6 


BLOCK DIAGRAM 



Note 1) The lower order 4 bit of port 2 output latch are used also for 
input/output operations with the l/O expander. 

Note 2) The output latch of port 0 is also used for address output. 
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INTEGRATED CIRCUIT 

TMP80C49AP/-6, TMP80C39AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C49AF/-8 


PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 

Circuit GND potential 

VCC (Power Supply) 

+5V during operation 

PS (Input) 

The control signal for the power saving at the power down mode (Active 
Low) 

PROG (Output) 

Output strobe for the TMP82C43P I/O expander. 

PIO - P17 (Input/Output) Port 1 

8 -bit quasi-bidirectional port (Internal Pullup = 50KQ). 

P20 - P27 (Input/Output) Port 2 

8 -bit quasi-bidirectional port (Internal Pullup = 50KQ). 

P20 - P23 contain the four high order program counter bits during an external 
program memory fetch and serve as a 4-bit I/O expander bus for the 
TMP8243P. 

DBO - DB7 (Input/Outputj Tri-State) 

True bidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memo ry 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store inst¬ 
ruction, under control of ALE, RD, and WR. 

TO (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

T1 (Input) 

Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

Tm (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low). Used as a Write Strobe to 
External Data Memory. 
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integrated circuit 


TOSHIBA 

TMP80C49AP/-6, TMP80C39AP/-6 

TECHNICAL DATA 

TMP99G49AF/-9 


RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during the power down mode. 

ALE (Oupput) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conjunct ion with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into a 
wait state after it has completed the instruction being executed. Also 
used during the power down mode. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High) 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for exter¬ 
nal source. 

XTAL 2 (Input) 

Other side of crystal input. 
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TICS-4S LIST OF INSTRUCTIONS (1/4) 


I 

"St 

Asse»^bler 

Object Code 








(1sl) 

Function 


Flag 

Cycle 


Hnefonic 

(2nd) 





i 



Bin. 

Hex. 



C.AC 



ADO 

A . Rr 

OllOIrrr 

68* r 

(A)*-(A)*(Rr) 

r-0-7 

1 I 

1 


ADO 

A .«Rr 

OllOOOOr 

60*r 

(A)‘-(A)*[(Rr)) 

r-0.1 

:i 

1 


ADO 

A .fi 

00000011 

03 

(A)*-(A)*i 


11 

2 




iliiiiii 

i i 






ADOC 

A , Rr 

Omirrr 

78* r 

(A)*-{A)*(Rr)*(C) 

r-0-7 

11 

1 


ADOC 

A .*Rr 

oinooor 

70*r 

(A)*-(A)*[(Rr)]*(C) 

r-0.1 

t: 

1 


ADOC 

A .li 

00010011 

13 

(A)*-(A)*i*(C) 


11 

2 

A 



IIMIIII 

r 





C 

ANL 

A . Rr 

01011rrr 

58* r 

(A)*-(A) A(Rr) 

r={K7 


1 

C 

ANL 

A .»Rr 

OlOIOOOr 

50* r 

(A)*-(A) A[(Rr)] 

r-O.l 


1 

u 

ANL 

A .ti 

01010011 

53 

(A)*-(A) Ai 



2 

M 



i i i i i i i i 

ii 





u 

ORL 

A . Rr 

OlOOIrrr 

48* r 

(A)*-(A) v(Rr) 

r-0~7 


1 

1 

ORL 

A 

OlOOOOOr 

40* r 

(A)-(A) v[(Rr)] 

r=0.1 


1 

a 

ORl 

A .11 

01000011 

43 

(A)*-(A) Vi 



2 

t 



iiiiiiii 

ii 





0 

XRl 

A . Rr 

llOlIrrr 

08*r 

(A)*-(A) v(Rr) 

r-0~7 


1 

r 

XRl 

A .?Rr 

noiooor 

00*r 

(A)*-(A) v[(Rr)| 

r-0.1 


1 


XRL 

A .li 

11010011 

D3 

(A)*-(A) Vi 



2 

I 



iiiiiiii 

11 





n 

INC 

A 

00010111 

17 

(A)*-(A)*1 



1 

s 

DEC 

A 

00000111 

07 

(A)*-(A)-1 



1 

t 

CLR 

A 

00100111 

27 

(A)-0 



1 

r 

CPL 

A 

00110111 

37 

(A)*-NOT(A) 



1 

u 

DA 

A 

01010111 

57 

(A)*-(A)BCD 


I 

1 

c 

SWAP 

A 

01000111 

47 

(A)<7.4> *-(A)<3.0> 



1 

t 

j 

RL 

A 

11100111 

E7 

(A)<n*1> *-(A)<n> 
(A)<0> *-(A)<7> 

i 

n=0-6 


1 

0 

RLC 

A 

IMIOIII 

F7 

(A)<n*1> *-(A)<n> 


I 

1 

n 




1 

(C)*-{A)<7> 

(A)<0> ^(C) 

n-O-6 




RR“ 

A 

01110111 

77 

(A)<n> *-{A)<n*1> 
(A)<7> *-(A)<0> 

n=0-6 


1 


RRC 

A 

1 

01100111 

67 i 

(A)<n> *-(A)<n*1> 
(C)*-(A)<0> 

(A)<7> *-(0 

n^0~6 

t 

1 

I 

/ 

0 

IN 

A . Pp 

00001 Odd 

08*p’ 

(A)*-(Pp) 

P=1.2 


2 


TLCS-48 LIST OF INSTRUCTIONS (2/4) 


1 

Assembler 

Object Code 




'F 



(1st) 

Function 

Flag 

Cycle 


Mnemonic 

(2nd) 




L 



Bin. 

Hex. 


C.AC 



OUTL 

Pp. A 

ooniopp 

38*p 

(Pp) *-i^) P-1.2 


2 


ANL 

Pp, li 

100110DP 

98*p 

(Pp)*-(Pp)Ai P-1,2 


2 

I 



IIIIIIII 

i i 




N 

ORL 

Pp, li 

10001 OOP 

88*p 

(Pp)-(Pp)vi P-12 


2 

P 



IIIIIIII 

i i 




U 

INS 

A . BUS 

00001000 

08 

(A)*-(BUS) 


2 

T 

/ 

OUTL 

BUS. A 

00000010 

02 

{BUS)*-(AC) 


2 

0 

U 

ANl 

BUS. li 

10011000 

98 

(BUS)*-(BUS) Ai 


2 

T 



iiliilii 

i i 




P 

ORL 

BUS. li 

10001000 

88 

(BUS)*-(BUS) Vi 


2 

U 

T 



iiiiiiii 

i I 





HOVO 

A . Pp 

00001Ipo 

OC*p 

(A)<3 0> *-(Po) 0-4-7 

(A)<7-4> -0 


2 


HOVO 

Pp. A 

ooniipp 

3C*0 

(Pp) *-(A)<3 0> p-4-7 


2 


ANLO 

Pp. A 

100111pp 

9C*p 

(Pp) *-(Pp)A(A)<3.0> P-4-7 


2 


ORLD 

Pp. A 

_100011pp_ 

8C*p 

(Pp) *-(Pp)V(A)<3 0> p-1-7 


2 


INC 

Rr 

0001Irrr 

18*r 

(Rr) ♦-(Rr)*1 r-0-7 


1 

(1) 

INC 

»Rr 

OOOIOOOr 

10*r 

[(Rr)] *-[(Rr)l*1 r-0.1 


1 


DEC 

Rr j 

llOOIrrr 

C8*r 

(Rr) ♦-(Rr)-I r-0-7 


1 


JHP 

a 

allOOlOO 

aH*4 

(PC)<10;0> *-a 


2 




aHL 


(PC)<11> *-(08F) 



B 

JHPP 

«A 

10110011 

B3 

(PC)<7:0>*-PR0[(PC)<11 8>*(A)] 


2 

r 

DJNZ 

Rr, a 

niOIrrr 

E8*r 

(Rr) ♦-(RD-I r-0-7 


2 

a 



aHL 


if(Rr) #0then(PC)<7 0>*-aHL 



n 





else no operation 



c 

JC 

a 

11110110 ! 

F6 

If (0=1 then(PC)<7 Ox^aHL 


2 

h 



aHL i 

1 

else no operation 




JNC 

a 

11100110 

E6 

if(0=0 then(P0<7 0>*-aHL 


2 

I 



aHL 


else no operation 



n 

JZ 

a 

11000110 

C6 

if(A)=0 then(P0<7 0>*-aHL 


2 

s 



aHL 


else no operation - 



t ! 

JNZ 

a 

10010110 

96 

if(A)f:0 tben(PO<7.0> *-aHL 


2 

1 



aHL 


else no operation 




JTO 

a 

00110110 

36 

if T0=1 then(PO<7.0>--aHL 


2 




aHL 


else no operation 




(1) . Register Instnjction 
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ncS-48 LIST or IHSTRIICTIONS (3/4) 


I 


I 


TICS-48 LIST or INSTRUCTIONS (4/4) 


I 

Assefbler 

Object Code 




lb 



(1st) 

Function 

Flag 

3ycle 


Hnewonic 

_L2n^ 




s 



Bin 

Hex. 


C,AC 



JNTO 

a 

00100110 

26 

if TO-O thcn(PC)<7 0>*-aHL 


2 




aHL 


else no operation 



B 

JT1 

a 

01010110 

56 

if T1=1 then(PC)<7 0>*-aHL 


2 

r 



aML 


else no operation 



a 

JNT1 

a 

01000110 

46 

if T1-0 tf>en(PC)<7:0>*-aHL 


2 

n 



aHL 


else no operation 



c 

JFO 

a 

10110110 

B6 

if F0=1 then(PC)<7 0>-^-aHL 


2 

h 



aHL 


else no operation 




JF1 

a 

01110110 

76 

if F1=1 then(PC)<7.0>*-aHL 


2 

I 



aHL 


else no operation 



n 

JTF 

a 

00010110 

16 

if TF=1 then(PC)<7:0>«-aHL 


2 

s 



aHL 


else no operation 



t 

JNI 

a 

10000110 

80 

if INT =0 then(PC)<7:0>«-aHL 


2 

r 

u 

c 



aHL 


else no operation 



t 

j 

0 

JBb 

a 

bbblOOlO 

b+12 

if (A)<b>=1 then 


2 

n 



aML 


(PC)<7;0>^aML 








else no operation b-0--7 




CALL 

a 

aHIOlOO 

aH*1/L 

l(SP)) ^(PSH)<7;4>« (PC) 


2 




aHL 


(SP) ^(SP)+1 
(PC)<10:0> ^a 
(PC)<11> *-(087) 



(2) 

m ■ 


'lodoooli 

83 

(SP) ^(SP)-1 
(PC) ^[(SP)1<11:0> 


2 


RETR 


10010011 

93 

(SP) ^(SP)-1 
(PC) ^l(SP)]<11;0> 

(f>SW)<7-4> ‘^[(SP)]<15-12> 

I 1 

2 


CLR 

C 

10010111 

97 

(0-0 


1 


CPI' 

C 

10100111 

A7 

(C)-HOT(C) 


1 

1 (3) 

CLR 

FO 

10000101 

85 

(FO) -0 


1 

CPL 

FO 

10010101 

95 

(FO) -NOT(FO) 


1 


CLR 

FI 

10100101 

A5 

(FI) -0 


1 


CPL 

FI 

10110101 

B5 

(FI) -NOT(FI) 


1 


HOV 

A . Rr 

llllirrr 

F8-r 

(A)-(Rr) r^O-? 


1 


HOV 

A .fRr 

IlllOOOr 

FO+r 

(A)-l(Rr)] r-0.1 


1 

(4) 

MOV 

A .li 

00100011 

23 

(A) -i 


2 

MOV 

Rr, A 

iiiiiiii 

lOIOIrrr 

ii 

1\8-r 

(Rr)-(A) r-O-F 


1 



MOV 

fRr. A 

lOIOOOOr 

A(Vr ^ 

l(Rr)l-(A) r=0.1 I 


1 


(2) •‘••'• Subroutine Instruction (3) . Flag Instruction 

( 4 ) . Hove Instruction 


"c 

1 

a 

s 

1 

n 

Assembler 

Mnemonic 

Object Code 
(1st) 
(2nd) 

Function 

Flag 

C AC 

::ycic 

Bin. 

Hex 



MOV 

Rr.li 

lOllIrrr 

B8^r 

(Rr)-i r-0--7 


2 





iiiiiiii 

i i 




H 


MOV 

fRr.li 

lOIIOOOr 

BO-r 

[(Rr)]-i r-0.1 


2 

0 




iiiiiiii 

i i 




V 


HOV 

A.PSH 

11000111 

C7 

(A) -(PSW) 


1 

e 


HOV 

PSW.A 

11010111 

D7 

(PSW) -(A) 


1 



XCH 

A Rr 

OOlOIrrr 

28^ r 

(A) -(Rr) r-0-7 


1 

I 


XCH 

A. fRr 

OOlOOOOr 

20*r 

(A) -[(Rr)] r-0.1 


1 


XCHD 

A, fRr 

OOllOOOr 

30^ r 

(A)<3 0>-[(Rr)<3 0>] r=0.1 


1 

s 


HOVX 

fRr, A 

lOOIOOOr 

90^ r 

EXT[(Rr)] -(A) r^O 1 


1 

t 


HOVX 

A fRr 

lOOOOOOr 

80-^r 

(A) -EXTKRD] r^O 1 


1 



HOVP 

A,fA 

10100011 

A3 

(A) -PR0|(PC)<11 8>- (A)] 


1 



H0VP3 

A.fA 

11100011 

E3 

(A) -PRni(PC)<11> • Oil • (A)] 


1 

TC 

HOV 

A.l 

01000010 

42 

(A) --(TR) ' 

— 

1 

io 

HOV 

T.A 

01100010 

62 

(TR)-(A) 


1 

IIHJ 

STRT 

T 

01010101 

55 

Start Timer 


1 

cn 

STRT 

CNT 

01000101 

45 

Start counter 


1 

rt 

STOP 

TCNT 

01100101 

65 

Stop Timer/Counter 


1 


0 

LN 

TCNTI 

00100101 

25 

Enable Timer/Counter Interrupt 


1 


r 

DIS 

TCNTl 

00110101 

35 

Disable Timer/Counter Interrupt 

! 

1 

(5) 







C 




1 





0 


EN 

I 

00000101 

05 

Enable External Interrupt 


1 

n 


DIS 

I 

' 00010101 

15 

Disable External Interrupt 


1 

t 


SEL 

RRO 

11000101 

C5 

i (BS)- 0 


1 

r 


SEE 

RBI 

11010101 

D5 

(BS)- 1 


1 

0 


SEL 

HRO 

11100101 

E5 

(DBF) - 0 


1 

1 


SEL 

HB1 

11110101 

F5 

(DBF) - 1 


1 



ENTO 

CLK 

01110101 

75 

Enable Clock Output on TO 


1 



HALT 


00000001 

01 

Halt 


1 


HOP 

00000000 

00 

no opration 


1 


(5) . A/D Converter Instruction (6) . Other 
















INTEGRATED CIRCUIT 


TOSHIBA 

TMP80G49APA6. TMP80C39AP/-6 

TECHNICAL DATA 

TMP89C49AF/-e 


TMP80C49AP/TMP80C39AP/TMP80C49AF ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 



SYMBOL 

1 ITEM i 

RATING 



VCC 

IVCC Supply Voltage (with respect to GND (VSS))| 

-0.5V to +7V 



VINA 

1 Input Voltage (Except EA) 1 

-0.5V to VCC+0.5V 



VINB 

1 Input Voltage (Only EA) 1 

-0.5V to 13V 



PD 

[Power Dissipation (Ta=70*C) I 

250mW 



TSOLDER 

[Soldering Temperature (Soldering Timer 10 sec) 1 

260*C 



TSTG 

[Storage Temperature [ 

-65*C to 150*C 



TOPR 

[Operating Temperature [ 

0*C to 70*C 



DC CHARACTERISTICS 

_ TOPR=0*C to 70*C, VCC=-^-5 V± 10%, VSS=OV, unless otherwise noted. 


[ SYMBOL 1 PARAMETER 

I TEST CONDITIONS | 

MIN . [ 

TYP . 

[ MAX.1 

UNIT [ 

[ VIL 

[input Low Voltage (Except 
[XTALl, XTAL2, RESET) 

[ 1 

1 [ 

-0.5 1 

1 

— 

0.8 1 
[ 

V 1 

1 

[ VILl 

[input Low Voltage 
[(XTALl, XTAL2, RESET) 

[ 1 

1 [ 

-0.5 [ 

1 

- 

0.6 [ 

1 

V [ 

1 

[ VIH 

[input High Voltage (Except 
[XTALl, XTAL2, RESET, PS) 

1 1 

1 1 

2.2 [ 

[ 

— 

[ VCC 1 

I 1 

V [ 

[ 

[VIHl 

[input High Voltage(Except 
[XTALl, XrAL2, RESET, PS) 


0.7 i 

X vcc! 

— 

vcc i 

1 

V 1 

[VOL 

[Output Low Voltage 
[(Except P10-P17, P20-P27) 

ilOL=1.6mA [ 

1 1 

- j 
i 

— 

0.451 

1 

V [ 

1 

iVOLl 

[Output Low Voltage 
[ (Pi6-P17 , P20-P27) 

|lOL=1.2mA i 

[ ' 

! 

- 

: 0.45i 
! i 

V i 
i 

1 VOHll 

[Output High Voltage 
[(Except P10-P17, P20-P27) 

llOH=-1.6mA ! 

j [ 

2.4 ! 

j 

— 

- [ 

1 

V 1 

IVOH12 

[Output High Voltage 
[(Except P10-P17, P20-P27) 

|lOH=-400pA 1 

1 1 

vcc- [ 
0.8! 

— 

1 

V [ 

! 

[VOH21 

[Output High Voltage 
[ (P10-P17, P20-P27) 

|IOH=-50uA 1 

i 1 

2.4 [ 

1 

— 

[ [ 

V 1 

[VOH22 

[Output High Voltage 

1 (P10-P17 , P20-P27) 

llOH=-25yA 1 

1 1 

vcc- I 
0.81 

— 

1 1 

V [ 

1 ILI 

[Input Leak Current 
[(Tl, INT, EA, PS) 

[VSS<VIN<VCC [ 

[ 

— 

[ ±10 1 

1 1 

UA 1 

ILIl 

[input Leak Current 
|(SS, RESET) 

[VSS<VIN<VCC [ 

1 

— 

1 -50 1 

1 1 

UA 1 

[ILI2 

[input Leak Current 
[ (P10-P17, P20-P27) 

[VSS+0.45V<VIN<VCC 

[ 

- 

[-500 [ 

1 1 

UA [ 

[ ILO 

[Output Leak Current(BUS,TO) 
[(High impedance condition) 

[VSS+0.45V^VIN<VCC( 

[ 

— 

[ ±10 1 
[ 1 

UA [ 

[ICCI 

[ [ Normal 

[VCC Supply [ operation 

|VCC=5V,lXTAL=6MHz| 

[ VIH==VCC-0.2V [ 

1 

- 

[ 10 1 
[ [ 

mA [ 

ICCHl 

1 1 HALT Mode 

■[VIL=0.2V [ 

1 [ 

[ 

- 

[ 2.51 

1 1 


ilCC2 

[ [ Normal 

[VCC Supply [ operation 

|VCC=5V, [ 

|fXTAL=llMHz [ 

[ 

— 

1 15 [ 

[ [ 

mA I 

1 ICCH2 

[ Current [ lu j 

1 1 HALT Mode 

'[ VIH=VCC-0.2V [ 

(VIL=0.2V [ 

[ 

— 

1 4.0[ 

[ [ 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C49AP/-6, TMP80C39AP/-6 
TMP8gC49AF/-6 


TMP 80 C49 AP/IMP 80 C39AP/IMP 80 C49AF 


AC CHARACTRISTICS 

TOPR=0*C to 70 VCC=-^5V±10%) VSS=0V, unless otherwise noted. 


1 SYMBOL 

1 

1 PARAMETER 

1 


[TEST 

1 CONDITION 

f(t) 

11 

MIN. 

MHz 

1 MAX. 

[UNIT 

■| 



t 

1 Clock Period 


iNote 2 

1 /xtal f 

90.9 


1000 ! 

ns 



tLL 

! ALE Pulse Width 


1 

3.5t-170 

150 


- 

1 

ns 



tAL 

Address Setup Time (ALE) 


1 

2 t-110 

70 


- 

j 

ns 



tLA 

Address Hold Time (ALE) 


[ a=20pF 

t-40 

50 


- 

i 

ns 



tCCl 

1 Control Pulse Width 


1 

7.5t-200 

480 


- 

1 

ns 




i (RD, WR) 







1 




tCC2 

[Control Pulse Width 



6 t-200 

350 


- 

1 

ns 




(PSEN) 







1 




tDW 

[Data Setup Time 


1 

6.5t-200 

390 


- 

1 

ns 




1 (WR) 







1 




tWD 

[Data Hold Time 


1CL=20pF 

t-50 

40 


- 

1 

ns 




1 (WR) 


1 





1 




tDR 

[Data Hold Time 


1CL=20pF 

1 .5t-30 

0 


no 

1 

ns 




1 (RD, PSEN) 







1 




tRDl 

[Data Input Read Time 


1 

1 

6t-170 

- 


375 

[ 

ns 




1 (RD) 


i 





1 




tRD2 

[Data Input Read Time 


1 

4.5t-170 

- 


240 

[ 

ns 


1 


1 (PSEN) 


1 



! 


1 




tAW 

[Address Setup Time 


i 

5t-150 

300 

! 

- 

[ 

ns 




1 (WR) 


1 





[ 




tADl 

[Address Setup Time 


1 

10.5t-220 

- 


730 

1 

ns 




1 (RD) 


1 



i 


1 




tAD2 

[Address Setup Time 


i 

7 .5t-200 

- 


460 

1 

ns 




[ (PSEN) 


1 





1 




tAFCl 

[Address Float Time 


1 CL=20pF 

2t-40 

140 


- 

1 

ns 




1 (RD, WR) 


1 





1 




tAFC2 

[Address Float Time 


|CL=20pF 

0.5t-40 

10 


- 

1 

ns 




[ (PSEN) 


1 





1 




tLAFCl 

[ALE to Control Time 


1 

3t-75 

200 


- 

1 

ns 




1 (RD, WR) 


1 





1 




tLAFC2 

[ale to Control Time 


1 

1 .5t-75 

60 


- 

1 

ns 




[ (PSEN) 


1 





1 




tCAl 

[Control to ALE Time 


1 

t-65 

25 


- 

1 

ns 




1 (RD, WR, PROG) 


1 





1 




tCA2 

[Control to ALE Time 


1 

4t-70 

290 


- 

1 

ns 




[ (PSEN) 


1 





1 




tCP 

[Port Control Setup Time 

(PROG) 

1 

1 .5t-80 

50 


- 

1 

ns 



tPC 

[Port Control Hold Time 

(PROG) 

1 

4t-260 

100 

T 

- 

1 

ns 



tPR 

[Port 2 Input Data Setup 

Time 

1 

8.5t-120 

- 


650 

1 

ns 




1 (PROG) 


1 





1 




tPF 

[Port 2 Input Data Hold Time 

1 

1.5t 

0 

T 

140 

T 

ns 




I (PROG) 


1 





1 




tDP 

[Port 2 Output Data Setup 

Time 

1 

6t-290 

250 


- 

1 

ns 




1 (PROG) 


1 





1 




tPD 

[Port 2 Output Data Hold 

Time 

1 

1 .5t-90 

40 


- 

1 

ns 




1 (PROG) 


1 





1 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C49AP/-6, TMP80G39AP/-6 
TMP99C49AF/-9 


TMP 80 C49 AP /fMP 80 C39 AP /IMP 80C49AF 


AC CHARACTRISTICS (CONTINUE) 

TOPR=0*C to 70‘C, VCC=-t-5V±10%, VSS=0V, unless otherwise noted. 


1 SYMBOL 

PARAMETER 

ITEST 

1 f(t) 1 

11 

MHz 

[UNIT i 

1 


i CONDITION 

i 1 

MIN. 

MAX. 

i i 

1 tPP 

PROG Pulse Width 

1 

|10.5t-250l 

700 

- 

1 ns i 

1 tPL 

Port 2 I/O Data Setup Time(ALE)| 

1 4t-200 1 

160 

- 

1 ns 1 

1 tLP 

Port 2 I/O Data Hold Time 

(ALE) 1 

|1.5t-120 1 

15 

- 

! ns 1 

1 tPV 

Poer Output Delay Time 

(ALE) 1 

|4.5t + 100 1 

- 

1 510 

1 ns 1 

1 tOPRR 

TO Clock Period 

1 

1 3t 1 

270 

1 - 

1 ns 1 

1 tCY 

Cycle Time 

1 

i 15t 1 

1.36115.0 

1 US 1 


Note : 1. Control Output CL=80pF. BUS Output CL=150pF. 

2. The f(t) assumes 50% duty cycle on XTALl and XTAL2. 

The Max. Clock frequency is llMHz. and the Min. Clock frequency is 
IMHz. 


- 664 - 






INTEGRATED CIRCUIT 

TMP80G49AP/-6, TMP80C39AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C49AF/-6 


TMP80C49AP-6/TMP80C39AP-6/TMP80C49AF-6 ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 



SYMBOL 

1 ITEM 

1 

RATING 



VCC 

IVCC Supply Voltage (with respect 

to GND (VSS))1 

-0.5V to +7V 



VINA 

linput Voltage (Except EA) 

1 

-0.5V to VCC+0.5V 



VINB 

I Input Voltage (Only EA) 

1 

-0.5V to 13V 



PD 

iPower Dissipation (Ta=85*C) 

1 

250mW 



TSOLDER 

ISoldering Temperature (Soldering 

Timer 10 sec) [ 

260‘C 



TSTG 

[Storage Temperature 

[ 

-65‘C to 150*C 



TOPR 

[Operating Temperature 

1 

-40*C to 85‘C 



DC CHARACTERISTICS (l) 

_ TOPR = -40*C to 85*C, VCC=+5V±10%, VSS=0V, unless otherwise noted. 


[ SYMBOL[ PARAMETER 

1 TEST CONDITIONS [ 

MIN. 

1 

TYP. [ 

MAX. 

UNIT 

[ VIL 

[input Low Voltage 

1 

r 

1 1 

-0.5 

T 

1 

0.8 

V 

1 VIH 

[input High Voltage (Except 
[XTALl, XTAL2, RESET, PS) 

1 1 

1 1 

2.2 


1 

VCC 

V 

[ VIHl 

[input High Voltage 
[(XTALl, XTAL2, RESET, PS) 

1 1 

0.7 

X VCC 


1 

VCC 

V 

[VOL 

lOutput Low Voltage 
! (Except P10-P17, P20-P27) 

ilOL=1.6mA 1 

1 1 

— 


1 

0.45 

V 

[ VOLl 

lOutput Low Voltage 
l(P10-P17. P20-P27) 

|I0L=1.2inA 1 

1 1 

- 


1 

0.45 

V 

[ VOHll 

lOutput High Voltage 

KExcept P10-P17, P20-P27) 

|I0H=-1.6mA [ 

2.4 


1 

- 

V 

VOH12 

lOutput High Voltage 

KExcept P10-P17, P20-P27) 

1IOH=-400uA i 

1 1 

VCC- 

0.8 

1 

1 

— 

V 

[V0H21 

lOutput High Voltage 

1 (P10-P17, P20-P27) 

|IOH=-50UA 1 

1 1 

2.4 


1 

— 

V 

1VOH22 

lOutput High Voltage 

1 (P10-P17 , P20-P27) 

|IOH=-25uA ! 

1 1 

VCC- 

0.8 


1 

— 

V 

ILI 

[input Leak Current 
[ (T1, INT, EA, PS) 

|VSS<VIN<VCC 1 

1 ■ 1 

— 


1 

±10 

UA 

[ILII 

[input Leak Current 
[(SS, RESET) 

|VSS<VIN<VCC [ 

— 


1 

-50 

UA 

[ILI 2 

[input Leak Current 
[ (P10-P17, P20-P27) 

ivSS+0.45V<VIN<VCC| 

- 


1 

-500 

UA 

[ILO 

[Output Leak Current(BUS,TO) 
[(High impedance condition) 

1VSS+0.45V<VIN<VCC| 

1 1 

— 


1 

±10 

yA 

[ICCI 

[ [ Normal 

[VCC Supply [ operation 

[VCC=5V,fXTAL=6MHz[ 

[VIH=VCC-0.2V [ 

- 


1 

10 

mA 

[ ICCHl 

1 Current [ x/ j 

1 j HALT Mode 

’[VIL=0.2V 1 

1 [ 

- 


1 

2.5 
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INTEGRATED CIRCUIT 


TOSHIBA 

TIIIIP80C49AP/-6, TMP80C39AP/-6 

TECHNICAL DATA 

TMP89C4gAF/-9 


TMP80C49AP-6/TMP80C39AP-6/TMP80C49AF-6 ELECTRICAL CHARACTERISTICS 


DC CHARACTERISTICS (II) 

_ TOPR=-40*C to 85*C, VCC=+5V±20%, VSS-OV, unless otherwise noted. 


1 SYMBOL 1 PARAMETER 

[ TEST CONDITIONS 

[ MIN.1 

TYP 

. [ MAX. [ 

UNIT [ 

1 VIL 

1 Input Low Voltage 

1 

1 

1 

1-0.5 1 

1 1 

— 

[0.15 1 
[x VCC[ 

V [ 

1 VIH 

[Input High Voltage (Except 
IXTALl, XTAL2, RESET, PS) 

1 

1 

[0.5 x[ 

[ VCC[ 

“ 

1 VCC 1 

1 1 

V 1 

1 VIHl 

[input High Voltage 
[(XTALl, XTAL2, RESET, PS) 

1 

1 

[0.7 x[ 

[ vcci 

- 

1 VCC 1 

1 1 

V [ 

1 VOL 

[Output Low Voltage 
[(Except P10-P17, P20-P27) 

|I0L=1.6inA 

1 

1 1 

- 

1 0.451 

1 1 

V 

1 VOLl 

[Output Low Voltage 
[ (P10-P17 , P20-P27) 

1 IOL=l .2mA 

1 

1 1 

~ 

1 0.451 

1 1 

V [ 

1 V0H12 

[Output High Voltage 

[lOH=-400uA 

[VCC- 1 

- 

1 - [ 

V [ 


i (Except P10-P17, P20-P27) 

1 

[ 0.8| 


1 1 


iV0H22 

lOutput High Voltage 
l(P10-P17, P20-P27) 

1I0H=-25UA 

1 

[VCC- [ 

I 0.8[ 

~ 

1 1 

V 1 

IlLI 

[input Leak Current 

|VSS<VIN<VCC 

1 - 1 

- 

1 ±10 1 

UA [ 


|(T1, INT, EA, PS) 


1 1 


i 1 


IlLIl 

[input Leak Current 

1VSS<VIN<VCC 

1 - 1 

- 

l-vcc [ 

UA 1 


[(SS, RESET) 


1 1 


1 0.1 1 


!ILI2 

[input Leak Current 

|VSS+0.45V<VIN<VCC 

1 - 1 

- 

l-vcc 1 

UA [ 

i 

[ (P10-P17, P20-P27) 


1 1 


[ O.Oll 


i ILO 

[Output Leak Current(BUS , TO) 

[VSS+0.45V<VIN<VCC 

1 - [ 

- 

[ ±10 [ 

ma i 


[(High impedance condition) 




[ I 


1 ICCl 

[ 1 Normal 

[VCC Supply [ Operation 

VCC=5V,fXTAL=6MHz 
■ VIH=VCC-0.2V, 
VIH=0.2V 

1 _ j 

1 i 

~ 

1 10 1 

1 1 

mA [ 

1 ICCHl 

[ Current [ „ . ^ m j 

1 1 HALT Mode 

1 1 

— 

1 2.51 

1 1 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMP80C49AP/-6, TMP80C39AP/-6 

TECHNICAL DATA 

TMP80C49AF/-6 


TMP80C49AP-6/TMP80C39AP-6/TI^80C49AF-6 


AC CHARACTRISTICS 

T0PR=-4Q*C to 85‘C, VCC=-^5V±20%, VSS=0V, unless otherwise noted. 


! SYMBOL' PARAMETER 

{TEST 

1 f(t) 

{ 

6 

MHz 

{UNIT 




1 CONDITION 

1 

i 

MIN. 

1 MAX. 

1 


1 t 

' Clock Period 

Note 2 

1 1/xtal f 

1166.6 

1 1000 

{ ns 


1 tLL 

'ALE Pulse Width 

1 

i3.5t-170 

1 

410 

1 

1 ns 


1 tAL 

'Address Setup Time (ALE) 

I 

1 2t-110 

{ 

220 

1 - 

{ ns 


i tLA 

{Address Hold Time (ALE) 

iCL=20pF 

I . t-40 

1 

120 

1 - 

1 ns 


i tCCl 

{Control Pulse Width 

1 (RD, WR) 

1 

|7 .5t-200 

1 

11050 

1 

{ ~ 

1 ns 

1 


1 tCC2 

{Control Pulse Width 
{ (PSEN) 

1 

1 6t-200 

1 

1 

1 

800 


1 ns 


1 tDW 

iData Setup Time 

1 (WR) 

1 

1 

|6.5t-200 

1 

1 

1 

880 

1 “ 

{ ns 

1 


! tWD 

iData Hold Time 

1 (WR) 

1 CL=20pF 

1 

1 t-50 

i 

1 

i 

120 

1 ~ 

1 ns 

1 


1 tDR 

Data Hold Time 
{ (RD, PSEN) 

1 CL = 20pF 

|1 .5t-30 
! 

i 

{ 

0 

1 220 

{ ns 

1 

j 

i tRDl 

1 

{Data Input Read Time 

1 (RD) 

1 

1 6t-170 

1 

1 

1 

~ 

i 830 

1 ns 

1 


1 tRD2 

i 

{Data Input Read Time 
! (PSEN) 

1 

1 

|4.5t-170 

1 

1 

1 


1 580 

1 ns 

1 


! tAW 

i 

'Address Setup Time 
: (WR) 

1 

! 5t-150 

1 

! 

1 

680 


1 ns 
! 


; tADi 
! 

lAddress Setup Time 

1 (RD) 

1 

1 10.5t-220 
1 

i 

1 

1 


{1530 

1 ns 

i 

1 

i tAD2 

! 

{Address Setup Time 
! (PSEN) 

1 

i 

{7 .5t-200 

1 

1 


11050 

1 ns 

1 


1 tAFCl 

! 

{Address Float Time 

1 (RD, WR) 

! CL=20pF 

I 

1 2t-40 

1 

i 

1 

1 

290 

1 ~ 

1 ns 

1 


1 tAFC2 

i 

Address Float Time 

1 (PSEN) 

1 CL=20pF 

1 

|0.5t-40 

1 

1 

1 

! 

40 

1 “ 

1 ns 

1 


ItLAFCl 

1 

1 ALE to Control Time 

1 (RD, WR) 

1 

1 

1 3t-75 

1 

1 

1 

420 

i 

! ns 

1 


ltLAFC2 

1 

ALE to Control Time 

1 (PSEN) 

1 

1 

|1.5t-75 

1 

1 

1 

175 

1 “ 

1 ns 

1 


! tCAl 

1 

{ Control to ALE Time 
{ (RD, WR, PROG) 

1 

1 

1 t-65 

1 

1 

1 

100 

1 ~ 

1 ns 

1 


1 tCA2 

1 

Control to ALE Time 

1 (PSEN) 

1 

1 

1 4t-70 

1 

1 

1 

590 

I - 

1 ns 

1 


1 tCP 

{Port Control Setup Time (PROG) 

1 

|1 .5t-80 

1 

170 


1 ns 


1 tPC 

{Port Control Hold Time (PROG) 

1 

1 4t-260 

1 

400 

1 

1 ns 


1 tPR 

1 

{Port 2 Input Data Setup Time 

1 (PROG) 

i 

1 

Is .5t-120 

1 

1 

1 

“ 

11290 

i ns 

1 


1 tPF 

1 

{Port 2 Input Data Hold Time 

1 (PROG) 

1 

1 

il.5t 

1 

1 

1 

0 

1 250 

1 ns 

1 


1 tDP 

1 

iPort 2 Output Data Setup Time 

1 (PROG) 

1 

1 

1 6t-290 

1 

1 

1 

710 

1 ”■ 

1 ns 

1 


1 tPD 

1 

jPort 2 Output Data Hold Time 

1 (PROG) 

1 

1 

|1.5t-90 

1 

1 

1 

160 

1 “ 

1 ns 

1 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C49AP/-6, TMP80C39AP/-6 
TMP80C49AF/-6 


TMP80C49AP-6/TMP80C39AP-6/TMP80 C49AF-6 


AC CHARACTRISTICS (CONTINUE) 

T0PR=-40*C to 85 *C, VCC=-^5V±20%, VSS=0V) unless otherwise noted. 


1 SYMBOL 

1 PARAMETER 

ITEST 

1 f(t) 

6 

MHz 

UNIT I 

1 

1 

! CONDITION 

1 

MIN. 

I MAX. 

1 

1 tPP 

iPROG Pulse Width 

1 

Il0.5t-250ll500 

i - 

ns 1 

I tPL 

[Port 2 I/O Data Setup Time(ALE)| 

1 4t-200 

4 60 

- 

ns 1 

1 tLP 

Port 2 I/O Data Hold Time 

(ALE) 1 

l0.5t-30 

130 

1 - 

ns 1 

i tPV 

Port Output Delay Time 

(ALE) ! 

I4.5t+100 

- 

! 850 

ns i 

1 tOPRR 

iTO Clock Period 

1 

i 3t 

500 

1 

ns 1 

1 tCY 

i Cycle Time 

i 

1 15t 

1 2.5 

115.0 

US 1 


Note : 1. Control Output CL=80pF. BUS Output CL=150pF. 

2. The f(t) assumes 50% duty cycle on XTALl and XTAL2. 

The Max. Clock frequency is 6MHz. and the Min. Clock frequency is 
IMHz. 
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—INTEGRATED CIRCUIT 


TOSHIBA 

TMP80C49AP/-6, TMP80C39AP/-6 

TECHNICAL DATA 

TMP80C49AF/-6 


TIMING WAVEFORM 

A. Instruction Fetch from External Program Memory 



B. Read from External Data Memory 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMP80C49AP/-6, TMP80C39AP/-6 

TECHNICAL DATA 

TMP89C49AF/-6 


C. Write into External Data Memory 



D. Timing of Port 2 during Expander Instruction Execution 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMP80C49AP/-6, TMP80C39AP/-6 

TECHNICAL DATA 

TMP80C49AF/-6 


POWER DOWN MODE (I) . Data Hold Mode in RAM 

The operation of osci llation circuit is suspended by setting PS terminal to 
low level after RESET terminal has been set to low level. Consequently, all 
the data in RAM area can be held in low power consumption. 

The minimum hold voltage of VCC in this mode is 2V. 

PS terminal is set to high level to resume oscillation after VCC has been 
reset to 5V, and then RESET terminal is set to high level, thus, the normal 
mode is restarted from the initialize operation (address 0). 


DC CHARACTERISTICS 

TMP80C49AP/TMP80C39AP/TMP80C49AF : TOPR=0*C to 70'C, VSS = 0V 

TMP80C49AP-6/TMP80C39AP-6/TMP80C49AF-6 I TOPR=-40’C to 85’C, VSS=0V 


jSYMBOL I PARAMETER I TEST 

CONDITION 

j 

MIN. 1 

TYP . i 

MAX. 

1 UNITl 

I I I 

I VSBl I Standby Voltage(l) I 


r 

i 

2.0 i 

1 

6.0 

! 1 

1 V i 

I I |VCC=5V,VIH=VCC-0.2V, 

1 

r 

i 


1 ! 

I ISBl i Standby Current(1) |VIL=0.2V 


i_ 

- i 

0.5 1 

10 

! UA 1 

DC CHARACTERISTICS 







TMP 80 C49AP /TMP 80 C39AP /TMP 80C49AF 

: TOPR= 0*C 

to 

70’C 

VCC=5V±10%,VSS=OV 

TMP80C49AP-6/TMP80C39AP-6/TMP80C49AF- 

6 : TOPR=-40'C 

to 

85 *C 

VCC=5V±20% 

,VSS=0V 

i SYMBOL i PARAMETER 

I TEST CONDITION 


MIN. i 

TYP . ' 

MAX. 

1 UNIT 1 

1 ! 

itPSHR iPower Save Hold Time (RESET) 

1 

i 

T 

1 

1 

10 ! 

_ ! 

_ 

1 1 

i MS ! 

1 i 

1 tPSSR iPower Save Setup Time (RESET) 

1 

T 

1 

1 

10 1 

i 

- 1 

_ 

1 1 

1 mS 1 

! 1 

! tVH iVCC Hold Time (PS) 

i 

1 

1 

1 

5 1 

1 

1 

_ 

1 1 

1 HS 1 

1 1 

Itvs ivcc Setup Time (PS) 

1 

1 

! 

1 

1 

5 1 

- ! 

_ 

1 1 

1 MS 1 

Note: tCY=2.5MS (fXTAL=6MHz) 


TIMING WAVEFORM 
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INTEGRATED CIRCUIT 

TMP80C49AP/-6, TMP80C39AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C4gAF/-6 


POWER DOWN MODE (II) . ALL Data Hold Mode 

The operation of_osci1lation circuit is suspended by setting PS terminal to 
low level after SS terminal has been set to low level. Consequently, all data 
can be held in low power consumption. 

The minimum hold voltage of VCC in this mode is 3V. 

PS terminal is set to_high level to resume oscillation after VCC has been 
reset to 5V, and then SS terminal is set to high level, thus, the normal mode 
is restarted continuously from the state just before the power down mode (II). 


DC CHARACTERISTICS 

TMP80C49AP/TMP80C39AP/TMP80C49AF : TOPR=0'C to 70‘C, VSS=0V 

TMP80C49AP-6/TMP80C39AP-6/TMP80C49AF-6 : TOPR=-40*C to 85*C, VSS=0V 


1 SYMBOL 

PARAMETER | TEST 

CONDITION 

1 MIN, 

1 TYP.j MAX.! unit! 

1 

1 VSB 2 

1 

Standby Voltage(2) | 


1 

1 3.0 

1 1 1 1 

1 - 1 6.0 1 V 1 

! 

1 ISB2 

j VCC=5V,VIH=VCC-0.2V, 
Standby Current(2) |VIL=0.2V 

1 

1 - 

1 1 1 i 

1 0.5 1 10 1 uA 1 

AC CHARACTERISTICS 

TMP 80 C49 AP /TMP 80 C39 AP /TMP 80 C49 AF 
TMP80C49AP“6/TMP80C39AP“-6/T1^80C49AE’~^ 

; TOP R= 0 
: TOPR=-40 

C to 70 
C to 85 

C,VSS-5V±10%,VSS=0V 

C,VCc>5V±20%,VSS=0V 

! SYMBOL 

PARAMETER 

TEST condition! MIN 

. 1 TYP.j MAX.! unit! 

i 

;tPSHs 

Power Save Hold Time (SS) 


i 

1 10 

111! 

1 - ! - ! us i 

1tPSSS 

Powder Save Setup Time (SS) 


1 10 

1 ! 1 i 

I - 1 - i mS 1 

I 

1 tVH 

VCC Hold Time (P"s) 


1 

i 5 

1 i 1 1 

! - 1 - 1 uS 1 

1 

Itvs 

VCC Setup Time (PS) 


i 

1 5 

1 i 1 1 

i - 1 - 1 US 1 


Note: tCY=2.5MS (fXTAL^CMHz) 


TIMING WAVEFORM 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMP80C49AP/-6, TMP80C39AP/-6 

TECHNICAL DATA 

TMP80C49AF/-6 


HALT MODE 

. 1 HALT INSTRUCTION 

OP code is ”01H”. HALT INSTRUCTION is an additional instruction to the 
standard 8048/8049 instruction set. 

. 2 Entry to HALT MODE 

On the execution of HALT INSTRUCTION, TMP80C49A/TMP80C39A enter HALT 
MODE. 

. 3 Status in HALT MODE 

The oscillator continues its operation, 
internal logic values just prior to the 
maintained. Power consumption in HALT 
operation. The status of each pins are 

. 4 Release from HALT MODE 

HALT MODE is released by either of two signals (RESET,INT). 


(1) RESET Release Mode : An active RESET input signal causes the normal reset 
function. TMP80C49A/TMP80C39A start the program at address "000 H". 

(2) INT Release Mode : An active INT input signal causes the normal oper¬ 
ation. 

In case of interrupt enable mode (El MODE), TMP80C49A/TMP80C39A execute 
the interrupt service routine, after the execution of one instruction 
which is located at the next address after HALT INSTRUCTION. 

In case of interrupt disable mode (DI MODE), TMP80C49A/TMP80C39A execute 
normal operation from the next address after HALT INSTRUCTION. 

. 5 Supply Voltage Range in HALT MODE 

The operating supply voltage range and the operating temperature range 
are same as in normal operation. 


however, the internal clocks and 
execution of HALT INSTRUCTION are 
MODE is less than 50% of normal 
described in the following table. 
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INTEGRATED CIRCUIT 

TMP80C49AP/-6, TMP80C39AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP89C49AF/-6 


PIN STATUS IN POWER DOWN MODE (I) (II) 



PIN NAME 

1 

STATUS 



DBO - DB7 

1 TT • 1 • 1 




PIO - P17 

~| High impedanc6 




P20 - P27 

■j Input disabled 




TO 

1 High impedance, input disabled 



T1 

1 Input disabled 




XTALl 

1 High impedance 




XTAL2 

1 Output "High" Level 





1 Input disabled when 

oscillator is stopped. 



RESET, SS 

1 Pull-up transistors 

turn off. 



Ynt, EA 

1 Input disabled when 

oscilltor is stopped. 



WR, ALE 
PROG, PSEN 

1 

1 High impedance 

1 




PIN STATUS IN HALT MODE 



PIN NAME 

1 STATUS 




DBO - DB7 

1 TT -1 • . 1 • 

of HALT 



PIO - P17 




P20 - P27 

■i iiNoir(.ULiiUiN are maintainea. 




TO 

i Status prior to the execution 

1 INSTRUCTION is maintained. 

of HALT 



T1 

! Input disabled 




XTALl, XTAL2 

1 Continue oscillation 





1 Input enabled 




RESET, INT 




SSy EA 

1 Input disabled 




RD, WR, 

1 

1 Output "High" level 




PROG, PSEN 

1 




ALE 

1 Output "Low" level 
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TOSHIBA 

TMP80C49AP/-6, TMP80C39AP/-6 

TECHNICAL DATA 

TMP8gC49AF/-8 











INTEGRATED CIRCUIT 

TMP80C49AP/-6, TMP80C39APA8 

TOSHIBA 

TECHNICAL DATA 

TMP80G49AF/-6 














TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C49AP/-6, TMP80C39AP/-6 
TMP89C49AF/-6 


OUTLINE DRAWING (FLAT PACKAGE) 
















TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80G49AP/-6, TMP80C39AP/-6 
TMP89C49AF/-6 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C50AP/-6, TMP80C40AP/-6 
TMP80C50AF/-6 


8-BIT SINGLE-CHIP MICROCOMPUTER 

TMP80C50AP/TMP80C50AP-6 
TMP 80 C40 AP /TMP 80 C40 AP -6 
TMI^80C50AF/TMP80C50AF-6 


GENERAL DESCRIPTION 

The TMP80C50A is a single chip microcomputer fabricated in Silicon Gate CMOS 
technology which provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been included 
in a single chip; an 8-bit CPU, 256 x 8 RAM data memory, 4K x 8 ROM program 
memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP80C50A is particularly efficient as a controller. It has extensive bit 
handling capability as well as facilities for both binary and BCD arithme¬ 
tic . 

The TMP80C40AP/-6 is the equivalent of a TMP80C50AP/-6 without ROM program 
memory on chip. By using this device with external EPROM or RAM, software 
debugging becomes easy. 

The TMP80C50AP/-6 and TMP80C40AP/-6 are in a standard Dual Inline Pakage. 

The TMP80C50AF/-6 is in a 44-pin Flat Package. 

FEATURES 


. Low Power 

10mA MAX, in Normal Operation 
(VCC=5V,fXTAL=6MHz) 
lOpAMax. in Power Down Mode 
(VCC=5V, fXTAL: DC) 

. Single Power Supply 
. Power Down Mode (Stand-by Mode) 
. Halt Mode (Idle Mode) 

. HALT Instruction (Additional Instruction) 

. 4K X 8 masked ROM 
. 256 X 8 RAM 
. 27 I/O lines 

. Interval Timer/Event Counter 


. TMP80C50AP/TMP80C40AP/TMP80C50AF 
1.36ps Instruction Cycle Time 
0*C to 70*C, 5V±10% 

. TMP80C50AP-6/TMP80C40AP-6/TMP80C50AF-6 
2.5ms Instruction Cycle Time 
-40*C to 85*C, 5V±20% 

. Software Upward Compatible with 

TMP80C49AP/TMP80C49AP-6/INTEL's 8049 
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INTEGRATED CIRCUIT 

TMP80C50AP/-6, TMP80C40AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C50AF/-6 


PIN CONNECTIONS (TOP VIEW) 


Tod 

1 

40 

XTAL]d 

2 

39 

XTALpiq 

kESETd 

3 

4 

38 

37 


5 

36 

TnI’H 

6 

35 

LAd 

7 

34 

Rod 

8 

33 

PSENH 

9 

32 

md 

10 

31 

ALEd 

11 

30 

DBoP 

12 

29 

DB]d 

13 

28 

DB2q 

14 

27 

DB3q 

15 

26 

m^a 

16 

25 

DBsd 

17 

24 

DB^d 

18 

23 

DByd 

19 

22 

vssq 

20 

21 


pVcc(+5V) 

Tl 

=IP27 

=IP26 
:3P25 
DP24 
PPl7 


DP 

13 r 
DP 


16 

15 

14 


:3P]3 
DP]2 
DPn 

dprog 


pp. 


2 3 


PP: 


22 


2] 

P 20 
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TOSHIBA CIRCUIT 

TMP80C50AP/-6, TMP80C40AP/-6 

TECHNICAL DATA 

TMP80C58AF/-6 


BLOCK DIAGRAM 



Note 1) The lower order 4 bit of port 2 output latch are used also for 
input/output operations with the l/O expander. 

Note 2) The output latch of port 0 is also used for address output. 
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_INTEGRATED CIRCUIT 


TOSHIBA 

TMP80C50AP/-6, TMP80C40AP/-6 

TECHNICAL DATA 

TMP80C50AF/-6 


PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 

Circuit GND potential 

VCC (Power Supply) 

+5V during operation 

PS (Input) 

The control signal for the power saving at the power down mode (Active 
Low) 

PROG (Output) 

Output strobe for the TMP82C43P I/O expander. 

P10-P17 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal Pullup = 50KQ). 

P20-P27 (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup = 50KS1) . 

P20-P23 contain the four high order program counter bits during an external 

program memory fetch and serve as a 4-bit I/O expander bus for the 
TMP8243P. 

DB0-DB7 (Input/Output, Tri-State) 

True bidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memo ry 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store inst¬ 
ruction, under control of ALE, RD, and WR. 

TO (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
INTO. TO can be designated as a clock output using ENTO CLK instruction. 

(Input) 

Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low) 

WR (Output) 

Output strobe during a Bus write (Active Low). Used as a Write Strobe to 
External Data Memory. 
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INTEGRATED CIRCUIT 

TmP80C50AP/-6, TMP80C40AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C50AF/-6 


RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during the power down mode. 

ALE (Oupput) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into a 
wait state after it has completed the instruction being executed. Also 
used during the power down mode. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High) 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for exter¬ 
nal source. 

XTAL 2 (Input) 

Other side of crystal input. 
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684 


TICS-4S LIST OF IHSTROCTIONS (1/4) 
-^ 


Assembler Object Code 





(Isl) 

Function 


Flag 

'ycle 

A 

Hneionic 

(2nd) 





i 



Bin. 

Hex. 



C.AC 



ADO 

A . Rr 

OllOlrrr 

68-r 

(A)-(A)-(Rr) 

r=0-7 

1 I 

1 


ADO 

A .«Rr 

OllOOOOr 

60>r 

(A)-(A)-[(Rr)) 

r-0.1 

It 

1 


ADO 

A .fi 

00000011 

08 

(A)-(A)-i 


1 1 

2 




liiiiiii 

n 






AbOC 

A . Rr 

Omirrr 

78^r 

(A)^(A)-(Rr)-(C) 

1^0-7 

It 

1 


AOOC 

A ,?Rr 

oinooor 

70-r 

(A)-(A)-[(Rr)]-(C) 

r=0.1 

t I 

1 


AOX 

A .tj 

00010011 

13 

(A)--(A)-i-(C) 


X t 

2 

A 



iiiiilii 

fl 





c 

ANl 

A . Rr 

OlOlIrrr 

58-r 

(A)--(A) A(Rr) 

r-0~7 


1 

c 

ANL 

A .?Rr 

OlOIOOOr 

50-r 

(A)--(A) A[(Rr)] 

r-0,1 


1 

u 

m 

A .ti 

01010011 

53 

(A)^(A) Ai 



2 

M 



liiiiiii 

n 





u 

ORL 

A . Rr 

OlOOIrrr 

48-r 

(A)--(A) v(Rr) 

r-0~7 


1 

1 

ORl 

A .?Rr 

dOOOOOr 

40-r 

(A)<-(A) v[(Rr)] 

r=0,1 


1 

a 

ORL 

A .»i 

01000011 

43 

(A)--(A) Vi 



2 

t 



iiiiiiii 

n 





0 

XRL 

A , Rr 

HOlIrrr 

08-r 

(A)<-(A) v(Rr) 

r-0~7 


1 

r 

XRL 

A .?Rr 

llOIOOOr 

00-r 

(A)^(A) v[(Rr)] 

r=0,1 


1 


XRL 

A .fi 

11010011 

03 

(A)--(A) Vi 



2 

I 



iiiiilii 

n 





n 

INC 

A 

00010111 

17 

(A)-(A)-1 



1 

s 

DEC 

A 

00000111 

07 

(A)^(A)-1 



1 

t 

CLR 

A 

00100111 

27 

(A)-0 



1 

r 

CPL 

A 

00110111 

37 

(A)--NOT(A) 



1 

u 

OA 

A 

01010111 

57 

(A)-(A)BCO 


X 

1 

c 

SNAP 

A 

01000111 

47 

(A)<7:4> -(A)<3:0> 



1 

t 

1 

RL 

A 

11100111 

E7 

(A)<n-1> --(A)<n> 
{A)<0> --(A)<7> 

0=0-6 


1 

0 

RLC 

A 

11110111 

F7 

(A)<n-1> --(A)<n> 


X 

1 

n 





(C)^(A)<7> 

(A)<0> -(C) 

n=0-6 




RR“ 

A 

01110111 

77 

A 

< < 

i i 

A A 

V V 

n=0-6 


1 


RRC 

A 

oiiooin 

67 

(A)<n> —(A)<n-1> 
(C)-(A)<0> 

(A)<7> -(C) 

n=0—6 

X 

1 


IN 

A . Pp 

OOOOIOPD 

08-p 

(A)-(Pp) 

P=1.2 


2 


1 

/ 

0 


TlCS-48 LIST OF INSIRUCTIOHS (2/4) 
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TlCS-18 LIST or IMSTRIICTIOHS (3/4) 


UCS-48 LIST or INSTRUCTIONS (4/4) 


I 

"01 

Assefbler 

Object Code 




lb 



(1st) 

runction 

Flag 

:ycle 


Hnepionic 

_(2nd)_ 




s 



Bin 

Hex. 


C,AC 



JNTO 

a 

00100110 

26 

if TO-O thcn(PC)<7:0>-aHL 


2 




aHL 


else no operation 



B 

JT1 

a 

01010110 

56 

if T1=1 then(PC)<7 0>«-aHL 


2 

r 



aHL 


else no operation 



a 

JNT1 

a 

01000110 

46 

If T1=0 then(PC)<7:0>-aHL 


2 

n 



aHL 


else no operation 



c 

jro 

a 

10110110 

B6 

If ro-l then(PC)<7:0>*-aHL 


2 

h 



aHl 


else no operation 




jri 

a 

01110110 

76 

if ri=1 then(PC)<7;0>-^aHL 


2 

I 



aHl 


else no operation 



n 

JTT 

a 

00010110 

16 

If TF=1 then(PC)<7:0>«-aHL 


2 

s 



aML 


else no operation 



t 

JNI 

a 

10000110 

86 

If INT »0 then(PC)<7:0>«-aHL 


2 

r 

u 

c 



aHL 


else no operation 



t 

i 

0 

JBb 

a 

bbblOOlO 

b*^2 

if (A)<b>=1 then 


2 

n 



aML 


(PC)<7:0>*-aML 








else no operation b-=0-^7 




CALL 

a 

aHIOlOO 

aHM4j 

L(SP)] -(PSH)<7:4>« (PC) 


2 




aML 


(SP) -(SP)+1 
(PC)<10:0> -^-a 
(PC)<11> ^(DBF) 



(2) 

REf 


"iOOOOOli 

83 

(SP) ♦-(SP)-I 
(PC) -L(SP)]<11:0> 


2 


RETR 


10010011 

93 

(SP) ^(SP)-1 
(PC) ^[(SP)]<11:0> 

(PSW)<7:4> «^[(SP)]<15:12> 

II 

2 


CLR 

c 

10010111 

97 

(C)-0 


1 


CPL' 

C 

10100111 

A7 

(C)*-NOT(C) 


1 

1 (3) 

CLR 

ro 

10000101 

85 

(FO) H) 


1 

CPL 

ro 

10010101 

95 

(FO) -NOT(rO) 


1 


CIR 

ri 

10100101 

A5 

(FI) <-0 


1 


CPL 

ri 

10110101 

B5 

(FI) -NOT(FI) 


1 


MOV 

A , Rr 

lllllrrr 

rs-r 

(A)-(Rr) r=0-7 


1 


MOV 

A .fRr 

IlllOOOr 

ro^r 

(A)^[(Rr)] r=0.1 


1 

(4) 

MOV 

A .<i 

00100011 

23 

(A) 


2 

MOV ■ 

"Rr, A 

iiiiliil 

lOIOIrrr 

ii 

A8*r 

(Rr)^(A) r-0-7 

i 

1 



MOV 

fRr. A 

lOIOOOOr 

A(Hr 

l(Rr)]^(A) r=0.1 


1 


(2).Subroutine Instruction (3) .riag Instruction 

( 4 ) .Hove Instruction 


1 

Assembler 

Object Code 




T 



(1st) 

Function 

Flag 

bvcie 

ab 

Hneionlc 

(2nd) 




d 



Bin. 

Hex. 


C AC 



MOV 

Rr.li 

lOllIrrr 

B8*r 

(Rr)*-t r-O--? 


2 




iiiiiiii 

i i 




M 

HOV 

BRr.li 

lOIIOOOr 

BO+r 

((Rr)]*-i r-0.1 


2 

0 



1 M M M 1 

i i 




V 

MOV 

A.PSH 

11000111 

C7 

(A) *-(PSH) 


1 

e 

HOV 

PSH.A 

11010111 

D7 

(PSW) -(A) 


1 


XCH 

A.Rr 

OOlOIrrr 

28^ r 

(A) *-(Rr) r-O-F 


1 

I 

XCH 

A.NRr 

OOlOOOOr 

20^ r 

(A) -((Rr)] r^O.1 


1 

n. 

XCHD 

A.NRr 

OOllOOOr 

30* r 

(A)<3.0>-l(Rr)<3 0>] r=0.1 


1 

s 

HOVX 

BRr.A 

lOOIOOOr 

90* r 

EXT((Rr))-(A) r-0.1 


1 

t 

HOVX 

A.RRr 

1000000r 

80* r 

(A) -EXTKRD] r-0.1 


1 


HOVP 

A.RA 

10100011 

A3 

(A) ^PR0f(PC)<11 8>* (A)] 


1 


H0VP3 

A. BA 

11100011 

E3 

(A) *-PR0((PC)<11>- Oil • (A)] 


1 

TC 

HOV 

A.l 

01000010 

42 

(A) ^(TR) 


1 

lo 

HOV 

T.A 

01100010 

62 

(TR}-(A) 


1 

HU 

STRT 

T 

01010101 

55 

Start Timer 


1 

en 

STRT 

CNT 

01000101 

45 

Start counter 


1 

rl 

STOP 

TCNT 

01100101 

65 

Stop Tiner/Counter 


1 

0 

EN 

TCNTI 

00100101 

25 

Enable Titcr/Counter Interrupt 


1 

r 

DIS 

TCNT I 

00110101 

35 

Disable Timpr/Countcr Interrupt 


1 

(5) 







C 



1 





0 

EN 

I 

00000101 

05 

Enable External Interrupt 


1 

n 

DIS 

I 

00010101 

15 

Disable External Interrupt 


1 

t 

SLl 

RBO 

11000101 

C5 

(BS)«- 0 


1 

r 

SEl 

RBI 

11010101 

05 

(8S)- 1 


1 

0 

SEL 

HBO 

11100101 

15 

(DBF) ^ 0 


! 1 

1 

SEl 

MB1 

11110101 

F5 

(DBF) - 1 


1 


INTO 

CLK 

01110101 

75 

Enable Clock Output on TO 


1 


HALT 


00000001 

01 

Halt 


1 

1(6) 

NOP 

00000000 

00 

no opration 


1 


(5) .A/D Converter Instruction (6) .Other 














INTEGRATED CIRCUIT 

TMP80C50AP/-6, TMP80C40AP/-6 

TOSHIBA 

TECHNICAL DATA 

TIIIIP80C50AF/-6 


TMP80C50AP/TMP80C40AP/TMP80C50AF ELfeCTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

! ITEM 

1 

RATING 

1 

VCC 

IVCC Supply Voltage (with respect 

to GND (VSS))1 

-0.5V to +7V 

1 

VINA 

iinput Voltage (Except EA) 

1 

-0.5V to VCC+0.5V 

! 

VINE 

iinput Voltage (Only EA) 

1 

-0.5V to 13V 

! 

PD 

jPower Dissipation (Ta=70*C) 

1 

250mW 

n 

TSOLDER 

ISoldering Temperature (Soldering 

Time 10 sec) 1 

260 *C 

i 

TSTG 

IStorage Temperature 

1 

-65*C to 150‘C 

'i 

TOPR 

jOperating Temperature 

i 

0*C to 70*C 

j 


DC CHARACTERISTICS 

TOPR=0*C to 70’C, VCC=+5V±10%, VSS=0V, unless otherwise noted. 


1 SYMBOL 1 PARAMETER 

[ TEST CONDITIONS I 

MIN. 


TYP . 1 

MAX. 

UNIT 

1 VIL 

Iinput Low Voltage (Except 
IXTALl, XTAL2, RESET) 

( 1 

-0.5 


( 

0.8 

V 

1 VILl 

Iinput Low Voltage 

KXTALI, XTAL2, RESET) 

( 1 
( ( 

-0.5 


( 

0.6 

V 

1 VIH 

Iinput High Voltage (Except 
IXTALl, XTAL2, RESET, PS) 

1 1 

i ( 

2.2 


I 

VCC 

V 

1 VIHl 

Iinput High Voltage 

KXTALI, XTAL2, RESET, PS) 

( (0.7 

( lx VCC 


1 

VCC 

V 

1 VOL 

(Output Low Voltage 
((Except P10-P17, P20-P27) 

|I0L=1.6mA ( 

( 1 

- 


_ 1 

1 

0.45 

V 

VOLl 

j 

lOutput Low Voltage 
: (P10-P17, P20-P27) 

[I0L=1.2mA [ 

1 1 

- 


1 

0.45 

V 

iVOHll 

!Output High Voltage 

1 (Except P10-P17, P20-P27) 

(I0H=-1.6mA ( 

1 1 

2.4 


( 

- 

V 

!VOH12 

[Output High Voltage 
[(Except Pi0-P]7, P20-P27) 

(IOH=-400pA 1 

( 1 

VCC- 

0.8 


( 

— 

V 

iV0H21 

(Output High Voltage 
( (P10-P17, P20-P27) 

[lOH=-50pA [ 

1 [ 

2.4 


1 

1 

- 

V 

iv0H22 

(Output High Voltage 
((P10-P17, P20-P27) 

(IOH=-25uA 1 

( ( 

VCC- 

0.8 


1 

— 

V 

1ILI 

1 Input Leak Current 
[ (TJ, INT, EA, PS) 

[VSS<VIN<VCC [ 

- 


1 

±10 

! UA 

1 

IlLIl 

[input Leak Current 
|(SS, RESET) 

ivSS<VIN<VCC [ 

— 


1 

-50 

! JiA 

1 

IILI2 

(Input Leak Current 
( (P10-P17, P20-P27) 

ivSS+0.45V<VIN<VCci 

- 


( 

-500 

1 hA 

i ILO 

[Output Leak Current(BUS,TO) 
[ (High impedance condition) 

VSS+0.45V<VIN<VCC| 

1 [ 

- 


i 

±10 

UA 

1 

1 ICCl 

[ 1 Normal 

[VCC Supply [ operation 

|VCC=5V,fXTAL=6MHz( 
(VIH=VCC-0.2V ( 

- 


1 

10 

1 

mA 

1 ICCHl 

] HALT Mode 

'(VIL=0.2V ( 

1 1 

— 


1 

2.5 


1 ICC2 

1 1 Normal 

[VCC Supply [ operation 

[VCC=5V, [ 

[fXTAL=llMHz [ 

- 


1 

15 

1 

1 UA 

1 ICCH2 

[ Current | uatt m j 

1 1 HALT Mode 

■[ VIH=VCC-0.2V [ 

[VIL=0.2V [ 

— 


1 

4.0 

1 

1 
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INTEGRATED CIRCUIT 

TOSHIBA 

TECHNICAL DATA 

TMP80C50AP/-6, TMP80C40AP/-6 
TMP80C50AF/-6 

TMP 80 C30AP /IMP 80 C40AP /TMP 80C50AF 







AC CHARACTRISTICS 

TOPR=0*C to 70*C, VCC=+5V±10%, VSS=0V, unless otherwise noted, 





I SYMBOL 

PARAMETER 

TEST 

1 f(t) 1 

11 MHz 

UNIT 

1 

1 


CONDITION 

1 1 

MIN. 1 

MAX. 


1 

t 

Clock Period 

Note 2 

1 1/xtal f 1 

90.91 

1000 

ns 

1 

1 tLL 

ALE Pulse Width 


I3.5t-170 1 

150 1 

- 

ns 

1 

1 tAL 

Address Setup Time (ALE) 


o 

1 

4-1 

CM 

70 i 

- 

ns 

1 

1 tLA 

Address Hold Time (ALE) 

a=20pF 

O 

1 

4-1 

50 1 

- 

ns 

1 

1 tCCl 

1 

Control Pulse Width 
(RD, WR) 


|7.5t-200 1 

1 1 

480 1 

1 

- 

ns 

1 

I 

1 tCC2 

1 

Control Pulse Width 
(PSEN) 


1 6t-200 ! 

1 1 

350 1 

1 

“ 

ns 

1 

1 

1 tDW 

1 

Data Setup Time 
(WR) 


|6.5t-200 1 

1 1 

390 1 

1 

- 

ns 

1 

1 

1 tWD 

1 

Data Hold Time 
(WR) 

CL=20pF 

1 t-50 1 

40 1 

1 

~ 

ns 

1 

1 

1 tDR 

Data Hold Time 
(RD, PSEN) 

CL=20pF 

!l.5t-30 1 

1 1 

0 1 
i 

no 

ns 

1 

1 

1 tRDl 

1 

Data Input Read Time 
(RD) 


1 6t-170 1 

1 1 

1 

375 

ns 

1 

1 

i tRD2 

i 

Data Input Read Time 
(PSEN) 


|4.5t-170 1 

! 1 

i 

240 

ns 

1 

1 

1 t AW 

Address Setup Time 
(WR) 

1 

1 

j 

1 5t-150 ; 

i 1 

300 ! 

1 

- 

ns 

! 

1 

1 tADl 

1 

Address Setup Time 
(RD) 


ll0.5t-220l 

1 1 

1 

730 

ns 

1 

1 

1 tAD2 

I 

Address Setup Time 
(PSEN) 

j 

|7.5t-200 1 

1 1 

1 

460 

ns 

1 

1 

1 tAFCl 1 Address Float Time 

1 i (RD, WR) 

CL=20pF 

o 

1 

4-1 

CM 

140 1 

1 


ns 

1 

1 

i tAFC2 

1 

Address Float Time 
(PSEN) 

1 CL=20pF 

|0.5t-40 I 

1 1 

10 1 

1 

- 

ns 

1 

1 

1 tLAFCl 

1 

ALE to Control Time 
(RD, WR) 

{ 

1 3t-75 1 

i 1 

200 ! 

1 

- 

ns 

1 

1 

ltLAFC2|ALE to Control Time 

1 1 (PSEN) 


|1.5t-75 1 

1 1 

60 1 

1 

- 

ns 

1 

1 

1 tCAl 

1 

Control to ALE Time 
(RD, WR, PROG) 


1 t-65 1 

1 1 

25 1 

1 


ns 

1 

1 

1 tCA2 

1 

Control to ALE Time 
(PSEN) 


1 4t-70 1 

1 1 

290 1 

1 

“ 

ns 

1 

1 

i tCP 

Port Control Setup Time (PROG) 


Cn 

rt 

1 

00 

o 

50 1 

- 

ns 

1 

1 tPC 

Port Control Hold Time (PROG) 


1 4t-260 1 

100 1 

- 

ns 

1 

1 tPR 

Port 2 Input Data Setup Time 
(PROG) 


|8.5t-120 1 

1 1 

1 

650 

ns 

1 

1 

1 tPF 

1 

Port 2 Input Data Hold Time 
(PROG) 


ll.5t 1 

1 1 

0 1 

1 

140 

ns 

1 

1 

1 tDP 

1 

Port 2 Output Data Setup Time 
(PROG) 


1 6t-290 1 

1 1 

250 1 

1 

- 

ns 

1 

1 

1 tPD 

1 

Port 2 Output Data Hold Time 
(PROG) 


|1.5t-90 1 

1 1 

40 1 

1 

■ 

ns 

1 

i 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C50AP/-6, TMP80C40AP/-6 
TMP80C50AF/-6 


TMP 80C50AP /IMP 80C40AP /TMP 80 C50AF 


AC CHARACTRISTICS (CONTINUE) 

TOPR=0*C to 70*C) VCC=-i-5V±10%, VSS=0V, unless otherwise noted. 


1 SYMBOL 1 PARAMETER 

[TEST 

f(t) 1 

11 

MHz 

lUNIT 1 



1 CONDITION 

1 

MIN. 

1 MAX. 

1 


1 tPP 

PROG Pulse Width 

1 

]0.5t-250l 

700 

1 

1 

ns 1 

1 tPL 

iPort 2 I/O Data Setup Time 

(ALE) 1 

4t-200 1 

160 

1 

1 

ns 1 

1 tLP 

iPort 2 I/O Data Hold Time 

(ALE) 1 

1.5t-120 1 

15 

! 

1 

ns 1 

1 tPV 

|Poer Output Delay Time 

(ALE)I 

4.5t+100 1 

- 

1 510 

i 

ns 1 

1 tOPRR 

|T0 Clock Period 

1 ! 

3t 1 

270 

1 

1 

ns 1 

1 tCY 

1 Cycle Time 

1 1 

15t 1 

1.36 

115.0 

1 

US 1 


Note : 1. Control Output CL=80pF. BUS Output CL=150pF. 

2. The f(t) assumes 50% duty cycle on XTALl and XTAL2. 

The Max. Clock frequency is llMHz. and the Min. Clock frequency is 
IMHz. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C50AP/-6, TMP80C40AP/-6 
TMP80C50AF/-6 


TMP80C50AP-6/TMP80C40AP-6/TMP80C50AF-6 ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 



SYMBOL 

1 ITEM ! 

RATING 



VCC 

VCC Supply Voltage (with respect to GND (VSS))| 

-0.5V to +7V 



VINA 

1 Input Voltage (Except EA) | 

-0.5V to VCC+0.5V 



VINB 

1 Input Voltage (Only EA) 1 

-0.5V to 13V 



PD 

iPower Dissipation (Ta=85*C) | 

250mW 



TSOLDER 

ISoldering Temperature (Soldering Timer 10 sec)| 

260'C 



TSTG 

1 Storage Temperature I 

-65*C to 150*C 



TOPR 

lOperating Temperature I 

-40’C to 85’C 



DC CHARACTERISTICS (l) 

TOPR = -40’C to 85•C, VCC=+5V±1Q%, VSS=OV, unless otherwise noted. 


1 SYMBOL 1 PARAMETER 

1 TEST CONDITIONS 1 

MIN . 


TYP. 1 

MAX. 1 

UNIT 

1 VIL 

1 Input Low Voltage 

1 

1 1 

1 1 

-0.5 


1 

0.8 1 

1 

V 

VIH 

linput High Voltage (Except 
IXTALl, XTAL2, RESET, PS) 

1 1 

1 1 

2.2 


1 

VCC 1 

1 

V 

1 VIHl 

linput High Voltage 

KXTALI, XTAL2, RESET, PS) 


0.7 

X VCC 


1 

VCC 1 

j 

V 

VOL 

1 Output Low Voltage 

1 (Except P10-P17, P20-P27) 

lI0L=1.6mA 1 

1 1 

— 


1 

0.451 

1 

V 

1 VOLl 

jOutput Low Voltage 

1 (P10-P17 , P20-P27) 

llOL=1.2mA 1 

1 i 

~ 


j 

0.451 

1 

V 

! VOHll 

1 Output High Voltage 
! (Except P10-P17, P20-P27) 

llOH=-1.6mA 1 

1 1 

2.4 


1 

1 

V 

1 VOH12 

iOutput High Voltage 

1 (Except P10-P17, P20-P27) 

1 IOH=-400ViA 1 

1 1 

vcc- 

0.8 


1 

1 

V 

1 VOH21 

1 Output High Voltage 

1 (P10-P17, P20-P27) 

|IOH=-50uA I 

1 1 

2.4 


1 

1 

V 

1 VOH22 

lOutput High Voltage 

1 (P10-P17 , P20-P27) 

|IOH=-25uA 1 

1 1 

VCC- 

0.8 


i 

1 

V 

ILI 

1 Input Leak Current 

1 (T1, INT, EA, PS) 

|VSS<VIN<VCC 1 

1 1 

— 


1 

±10 1 

1 

UA 

llLIl 

linput Leak Current 

1 (SS, RESET) 

lVSS<VIN<VCC 1 

- 


1 

-50 1 

1 

UA 

1ILI2 

linput Leak Current 

1 (P10-P17, P20-P27) 

1VSS+0.45V<VIN<VCCi 

- 


i 

-500 1 

1 

UA 

1 ILO 

lOutput Leak Current(BUS,TO) 

1 (High impedance condition) 

1VSS+0.45V<VIN<VCci 

- 


1 

±10 1 

UA 

1 ICCl 

1 1 Normal 

IVCC Supply 1 operation 

|VCC=5V,fXTAL==6MHzi 

1VIH=VCC-0.2V 1 



i 

10 i 

1 

mA 

1 ICCHl 

1 Current | ^ , 

1 1 HALT Mode 

■lVIL=0.2V 1 

1 1 

— 


1 

2.51 

1 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C50AP/-6, TMP80C40AP/-6 
TMP80C50AF/-6 


TMP80C50AP-6/TMP80C40AP-6/TMP80C50AF-6 ELECTRICAL CHARACTERISTICS 


DC CHARACTERISTICS (II) 

_ TOPR=-40*C to 85*C, VCC=+5V±20%, VSS=OV, unless otherwise noted. 


1 SYMBOL 1 PARAMETER 

1 TEST CONDITIONS [ 

MIN . [ 

TYP . 

[ MAX.[ 

UNIT [ 

1 VIL 

[input Low Voltage 

1 

[ [ 

[ 1 

-0.5 [ 

I 

— 

[0.15 I 
[x VCC[ 

V [ 

1 VIH 

[input High Voltage (Except 
jXTALl, XTAL2, RESET, PS) 

[ [ 

[ [ 

0.5 x[ 
VCC[ 

- 

VCC 1 
[ 

V [ 

1 VIHl 

[input High Voltage 
[(XTALl, XTAL2, RESET, PS) 

[ 1 
[ 1 

0.7 x[ 
VCC[ 

- 

[ VCC [ 

[ [ 

V [ 

1 VOL 

lOutput Low Voltage 

1 (Except P10-P17, P20-P27) 

[I0L=1.6inA [ 

[ [ 

1 

- 

0.451 

1 

V 1 

1 VOLl 

[Output Low Voltage 

1 (P10-P17, P20-P27) 

[lOL=1.2mA [ 

1 

— 

0.451 

[ 

V 1 

1 V0H12 

[Output High Voltage 
[(Except P10-P17, P20-P27) 

ilOH=-400uA [ 

1 1 

VCC- [ 
0.8[ 

- 

[ 

V 

1 V0H22 

[Output High Voltage 
[ (P10-P17 , P20-P27) 

[lOH=-25pA [ 

1 [ 

VCC- [ 
0.81 

— 

[ [ 

V 1 

ilLI 

[Input Leak Current 
|(T1, INT, EA, PS) 

[VSS<VIN<VCC 1 

[ 1 

1 

— 

[ ±10 [ 

[ [ 

yA [ 

i ILIl 

[input Leak Current 
i(SS, RESET) 

[VSS<VIN<VCC [ 

[ 1 

[ 

— 

[-VCC 1 
[ 0.1 1 

yA 1 

1ILI2 

[input Leak Current 
[ (P10-P17, P20-P27) 

[VSS+0.45V<VIN<VCC[ 

[ [ 

[ 

— 

[-VCC I 
[ 0.01[ 

yA I 

1 ILO 

[Output Leak Current(BUS,TO) 

[ (High impedance condition) 

1VSS+0.45V<VIN<VCC[ 

1 

1 

[ 

— 

[ ±10 [ 

1 [ 

yA [ 

licci 

[ 1 Normal 

VCC=5V,fXTAL=6MHz 
- VIH=VCC-0.2V, 
VIH=0.2V 

- [ 

- 

1 10 [ 



[VCC Supply [ Operation 

1 


1 j 

mA 1 

1 ICCHl 

[ Current [ „ . , t. xa j 

j 1 HALT Mode 

[ 

— 

[ 2.5[ 

[ [ 

1 


— 690 — 






TECHNICAL DATA 


TMP80C50AP/-6, TMP80C40AP/-6 
TMP80C50AF/-6 

TMP80C50AP-6/TMP80C40AP-6/TMP30C50AF-6 

AC CHARACTRISTICS 

TOPR=-40‘C to 85*C, VCC=+5V±20%, VSS=0V 

, unless otherwise noted. 





I SYMBOL 

I 

I PARAMETER 

! 

[TEST 

CONDITION 

I f(t) I 

I r 

6 

MIN. 

MHz [ 
MAX. [ 

UNITl 

1 

I t 

iClock Period 

i Note 2 

[ 1/xtal f| 

166.6 


1000[ 

ns 

1 

I tLL 

!ALE Pulse Width 


[3.5t-170 1 

410 


1 

ns 


I tAL 

jAddress Setup Time (ALE) 


[ 2t-110 1 

220 


- 1 

ns 


I tLA 

!Address Hold Time (ALE) 

CL=20pF 

[ t-40 1 

120 


“ 1 

ns 

1 

! tcci 

I 

I Control Pulse Width 

I (RD, WR) 


|7.5t-200 1 

1 1 

1050 


1 

ns 


I tCC2 

I 

I Control Pulse Width 

I (PSEN) 


1 6t-200 [ 

1 1 

800 


1 

ns 


I tDW 

I 

iData Setup Time 

I (WR) 


|6.5t-200 1 

1 1 

880 


I 

ns 


I tWD 

I 

I Data Hold Time 

I (WR) 

I CL=20pF 

1 t-50 1 

1 1 

120 


1 

ns 


I tDR 

I 

!Data Hold Time 

I (RD, PSEN) 

I CL=20pF 

[l.5t-30 1 

I 1 

0 


220 1 

1 

ns 


I tRDl 

I 

I Data Input Read Time 

I (RD) 


1 6t-170 i 

1 1 



830 1 

1 

ns 


I tRD2 

I 

I Data Input Read Time 

I (PSEN) 


|4.5t-170 1 

1 1 



580 1 

1 

ns 


I tAW 

I 

lAddress Setup Time 

I (WR) 


[ 5t-150 1 

1 1 

680 


1 

ns 

1 

I tADl 

I 

lAddress Setup Time 

I (RD) 


110.5t-220| 

1 1 



1530 1 

1 

ns 


I tAD2 
! 

[Address Setup Time 
! (PSEN) 


|7.5t-200 1 

1 1 

~ 


1050 1 

1 

ns 


I tAFCl 

t 

[Address Float Time 

I (RD, ^) 

! CL=20pF 

1 2t-40 1 

1 1 

290 


1 

ns 


I tAFC2 

I 

[Address Float Time 

I (PSEN) 

! CL=20pF 

|0.5t-40 1 

1 1 

40 


1 

ns 

! 

I tLAFCl 

I 

[ale to Control Time 

I (RD, WR) 


1 3t-75 1 

1 1 

420 


1 

ns 


I tLAFC2 

I 

[ALE to Control Time 

I (PSEN) 


|l.5t-75 1 

1 1 

175 


1 

ns 


I tCAl 

i 

[Control to ALE Time 

I (RD, WR, PROG) 


1 t-65 1 

1 1 

100 

■ 

1 

ns 

1 

l tCA2 

I 

[Control to ALE Time 

I (PSEN) 


1 4t-70 1 

1 1 

59 0 


1 

ns 

1 

I tCP 

(Port Control Setup Time (PROG) 


|1.5t-80 1 

170 


- 1 

ns 


I tPC 

I Port Control Hold Time (PROG) 


1 4t-260 [ 

400 


1 

ns 


I tPR 

I 

[Port 2 Input Data Setup Time 

I (PROG) 


|8.5t-120 1 

1 1 

*" 


1290 1 

1 

ns 

1 

I tPF 

I 

I Port 2 Input Data Hold Time 
i (PROG) 


ll.5t 1 

1 1 

0 


250 1 

1 

ns 

1 

I tDP 

I 

[Port 2 Output Data Setup Time 

I (PROG) 


1 6t-290 1 

1 1 

710 


1 

ns 

’1 

1 

I tPD 

I 

[Port 2 Output Data Hold Time 

I (PROG) 


|1.5t-90 1 

1 1 

160 


1 

ns 

■| 

1 
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__.INTEGRATED CIRCUIT 


TOSHIBA 

TMP80C50AP/-6, TMP80C40AP/-6 

TECHNICAL DATA 

TMP80C50AF/-8 


TMP80C50AP-6/TMP80C40AP-6/TMP80C50AF-6 


AC CHARACTRISTICS (CONTINUE) 

TOPR=-40‘C to 85 *C, VCC=-^-5V±2Q%, VSS=0V, unless otherwise noted. 


1 SYMBOL 

1 PARAMETER 

TEST 

f(t) 

1 6 

MHz 

lUNIT1 

1 

1 

CONDITION 


1 MIN. 

1 MAX. 


1 tPP 

IPROG Pulse Width 


10.5t-250 

11500 

1 - 

1 ns i 

1 tPL 

|Port 2 I/O Data Setup Time(ALE) 


4t~200 

1 460 

1 

1 ns 1 

1 tLP 

iPort 2 I/O Data Hold Time (ALE) 


|0.5t-30 

1 130 

1 

1 ns 1 

1 tPV 

iPort Output Delay Time (ALE) 


|4.5t+100 

1 - 

1 850 

1 ns 1 

1 tOPRRiTO Clock Period 

1 

3t 

! 500 

1 

1 ns i 

1 tCY 

1 Cycle Time 

i 

1 15t 

1 2.5 

115.0 

1 US 1 


Note : 1. Control Output CL=80pF. BUS Output CL=150pF. 

2. The f(t) assumes 50% duty cycle on XTALl and XTAL2. 

The Max. Clock frequency is 6MHz."and the Min. Clock frequency is 
IMHz. 
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INTEGRATED CIRCUIT 

TMP80C50AP/-6, TMP80C40AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C50AF/-6 


TIMING WAVEFORM 

A. Instruction Fetch from External Program Memory 



B. Read from External Data Memory 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMP80C50AP/-6, TMP80C40AP/-6 

TECHNICAL DATA 

TIIIIP80C50AF/-6 


C. Write into External Data Memory 



D. Timing of Port 2 during Expander Instruction Execution 


J \ j 

— ' 

L _ _. / 




_ 

PSEN \ 1 

PORTl,2 



•— tpv —. 

*CA1 “■ 


- 


PORT 1.2 DATA J 

lOyilllJQIII^ 

DATA 


1^ *PL — 

‘lp 

- 


PORT 20-23 20-23 DATA y PCH j 

PORT 20-23 DATa| 



I 

li 


[. - *DP —— 

— 

J *PD 

PORT 20-23PORT 20-23 data pch 

^PORT 20-23 DATA^j 

PORT CONTROL. ^ 



r 

*CP 

D 

-- *PC —• 

*PF ~ 

” 'pR “• 


1 

PROG I 

f 
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INTEGRATED CIRCUIT 

TMP80C50AP/-6, TMP80C40AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C50AF/-6 


POWER DOWN MODE (I) . Data Hold Mode in RAM 

The operation of osci llation circuit is suspended by setting PS terminal to 
low level after RESET terminal has been set to low level. Consequently, all 
the data in RAM area can be held in low power consumption. 

The minimum hold voltage of VCC in this mode is 2V. 

PS terminal is set to high level to resume oscillation after VCC has been 
reset to 5V, and then RESET terminal is set to high level, thus, the normal 
mode is restarted from the initialize operation (address 0) . 

DC CHARACTERISTICS 


TMP80C50AP/TMP80C40AP : TOPR=0*C to 70*C, VSS = 0V 
TMP80C50AP-6/TMP80C40AP-6 : TOPR=-40'C to 85’C, VSS=0V 


SYMBOLi 

PARAMETER 

i TEST CONDITION 

1 MIN.1 TYP. 

MAX. 

UNIT 

VSBl 1 

Standby Voltage(l) 

1 

1 

1 1 

1 2.0 1 - 

6.0 

V 

ISBl 1 

Standby Current(1) 

iVCC=5V,VIH=VCC-0.2V, 

1VIL=0.2V 

1 1 

1 - 1 0.5 

1 

1 10 

1 

1 uA 


DC CHARACTERISTICS 


TMP80C50AP/TMP80C40AP : TOPR=0*C to 70*C, VCC=5V±10%, VSS=0V 
TMP80C50AP-6/TMP80C40AP-6 : T0PR=-4Q‘C to 70*C, VCC=5V±20%, VSS=0V 


1 SYMBOL 

i PARAMETER 

ITEST 

CONDITION 1 MIN.I TYP. 

! MAX. 

UNIT j 

i 

1 tPSHR 

jPower Save Hold Time (RESET) 

1 

1 

i 1 

1 10 1 - 

i 

1 - 

1 i 

i uS 1 

1 

1 tPSSR 

i 

iPower Save Setup Time (RESET) 

1 

1 

1 1 

1 10 1 - 

i 

1 - 

j I 

1 mS I 

1 

1 tVH 

VCC Hold Time (PS") 

1 

1 

1 1 

1 5 1 - 

1 

1 - 

1 1 

1 .uS 1 

1 

1 tvs 

1 

Ivcc Setup Time (PS) 

1 

1 

1 1 

1 5 1 - 

1 

1 - 

1 1 

1 wS 1 

Not e : 

tCY=2.5DS (fXTAL=6MHz) 






TIMING WAVEFORM 
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INTEGRATED CIRCUIT 

TMP80C50AP/-6, TMP80C40AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C50AF/-6 


POWER DOWN MODE (II) . ALL Data Hold Mode 

The operation of_oscillation circuit is suspended by setting PS terminal to 

low level after SS terminal has been set to low level. Consequently, all data 
can be held in low power consumption. 

The minimum hold voltage of VCC in this mode is 3V. 

PS terminal is set to_high level to resume oscillation after VCC has been 

reset to 5V, and then SS terminal is set to high level, thus, the normal mode 
is restarted continuously from the state just before the power down mode (II). 


DC CHARACTERISTICS 

TMP80C50AP/TMT^80C40AP/TMP80C50AF: TOPR=0’C to 70‘C, VSS=0V 
TMP8QC50AP-6/TMP80C40AP-6/TMP80C50AF-6: TOPR=-40^C to 85*C, VSS=0V 


1 SYMBOL 1 

PARAMETER 

1 TEST CONDITION 

1 MIN.I TYP.i MAX. 

UNIT 1 

1 

VSB2 1 

Standby Voltage(2) 

1 

1 

1 1 1 

1 3.0 1 - 1 6.0 

1 

V 1 

1 1 


1VCC=5V,VIH=VCC-0,2V, 

1 1 1 

1 1 

1 ISB2 1 

Standby Current(2) 

1VIL=0.2V 

1 - 1 0.5 1 10 

1 yA 1 


AC CHARACTERISTICS 

TMP80C50AP/TMP80C40AP/TMP80C50AF: TOPR=0*C to 70*C, VCC=5V±10%, VSS-OV 
TMP80C50AP~6/TMP80C40AP-6/TMP80C50AF~6: TOPR=-40’C to 85*C, VCC==5V±20%, 

VCC=0V 


i SYMBOL i _ 'pARAME“tER i TESTCONDIl ION i MIN, j TYP . | MAX, j UNIT 


1 

i tPSHS 

1 __ 1 

Power Save Hold Time (SS) ! 

1 10 


__ 

1 

ys 1 

! 

i tPSSS 

1 1 

[Power Save Setup Time (SS) 1 

1 

1 10 



i 

mS 1 

1 

1 tVH 

1 __ 1 

ivcc Hold Time (PS) I 

1 

1 5 

- 

_ 

1 

ys 1 

1 

1 tvs 

1 _ 1 

ivcc Setup Time (PS) | 

1 

1 5 

1 

1 - 

_ 

1 1 

1 ys 1 

Note: 

tCY=2.5uS (fXTAL=6MHz) 





TIMING 

WAVEFORM 
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INTEGRATED CIRCUIT 

TIIIIP80C50AP/-6, TMP80C40AP/-6 

TOSHIBA 

TECHNICAL DATA 

TMP80C50AF/-6 


HALT MODE 

. 1 HALT INSTRUCTION 

OP code is "OlH". HALT INSTRUCTION is an additional instruction to the 
standard 8048/8049 instruction set. 

. 2 Entry to HALT MODE 

On the execution of HALT INSTRUCTION, TMP80C50A/TMP80C40A enter HALT 
MODE. 

. 3 Status in HALT MODE 

The oscillator continues its operation, 
internal logic values just prior to the 
maintained. Power consumption in HALT 
operation. The status of each pins are 

, 4 Release from HALT MODE 

HALT MODE is released by either of two signals (RESET,INT). 

(1) RESET Release Mode : An active RESET input signal causes the normal reset 
function. TMP80C50A/TMP80C40A start the program at address ”000 H”. 

(2) INT Release Mode : An active INT input signal causes the normal oper¬ 
ation. 

In case of interrupt enable mode (El MODE), TMP80C50A/TMP80C40A execute 
the interrupt service routine, after the execution of one instruction 
which is located at the next address after HALT INSTRUCTION. 

In case of interrupt disable mode (DI MODE), TMP80C50A/TMP80C40A execute 
normal operation from the next address after HALT INSTRUCTION. 

. 5 Supply Voltage Range in HALT MODE 

The operating supply voltage range and the operating temperature range 
are same as in normal operation. 


however, the internal clocks and 
execution of HALT INSTRUCTION are 
MODE is less than 50% of normal 
described in the following table. 
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INTEGRATED CIRCUIT 


TOSHIBA 

TMP80C50AP/-6, TIIIIP80C40AP/-6 

TECHNICAL DATA 

T|SP80C50AF/-6 


PIN STATUS IN POWER DOWN MODE (I) (II) 



PIN NAME 

1 

STATUS 



DBO - DB7 

1 TT • , • 1 . 




PIO - P17 





P20 - P27 

I Input disabled 




TO 

1 High impedance, input disabled 



T1 

1 Input disabled 




XTALl 

1 High impedance 




XTAL2 

1 Output "High" Level 





1 Input disabled when 

oscillator is stopped. 



RESET, SS 

1 Pull-up transistors 

turn off. 



I^, EA 

1 Input disabled when 

oscilltor is stopped. 



RD, ALE 

PROG, PSEN 

1 

1 High impedance 

i 




PIN STATUS IN HALT MODE 



PIN NAME 

! STATUS 



DBO - DB7 

1 r. . . . . , 

of HALT 


PIO - P17 



P20 - P27 

1 



TO 

! Status prior to the execution 

1 INSTRUCTION is maintained. 

of HALT 


T1 

1 Input disabled 



XTALl, XTAL2 

! Continue oscillation 




1 Input enabled 



RESET, INT 



SS", Ek 

. Input disabled 



WR, 

1 

1 Output "High" level 



PROG, PSEN 

1 



ALE 

1 Output "Low" level 
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integrated circuit 


TOSHIBA 

TMP80C50AP/-6, TMP80C40AP/-6 

TECHNICAL DATA 

TMP80C50AF/-6 


OSCILATOR 

QUARTZ CRYSTAL 


f = 

IMHz to 4MHz : 

Cl = 

C2 = 30pF 

f = 4MHz to llMHz : 

CERAMIC RESONATOR 

Cl = 

C2 = 20pF 

f = 

IMHz to 3MHz : 

Cl = 

C2 = lOOpF 

f = 

3MHz to llMHz : 

Cl = 

C2 = 

30PF 

TYPICAL 

CHARACTARISTICS 

: Vcc 

> 

II 

Ta = 



unless otherwise noted. 






0.01 0.02 0.03 0.06 0.1 0.2 0.3 C. 
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5 OMAX 


TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C50AP/-6, TMP80C40AP/-e 












TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP80C50AP/-6, TMP80C40AP/-6 
TMP80C50AF/-6 










TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C50AP/-6, TMP80C40AP/-6 
TMP80G50AF/-6 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8048PI, TMP8035PI 


8-BIT SINGLE-CHIP MICROCOMPUTER 
GENERAL DESCRIPTION 

The TMP8048PI, from here on referred to as the TMP8048, is a single chip 
microcomputer fabricated in N-channel Silicon Gate MOS technolog>' which 
provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 64 x 8 RAM data memory, IK x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP8048 is particularly efficient as a controller. It has extensive 
bit handing capability as well as facilities for both binary and BCD 
arithmetic. 

The TMP8035PI is the equivalent of a TMP8048 without ROM program memory on 
chip. By using this device with external EPROM or RAM, software debugging 
becomes easv . 


FEATURES 


• 6“ 'K S 


. Single level interrupt 
. Single 5V supply 

-40'C to +85‘C Operation 


PIN CONNECTIONS ^Top View) 

To 

XTALl 

XTAL2 

RESET 

SS 

INT 

EA 

RD 

psra 

WR 

ALE 

DBo 

T)Bi 

DB 2 

DB 3 

DB4 

DB 5 

DBe 

DB 7 

(OV)^SS 



Pio 

Vdd(+5V) 

PROG 



'-‘Ver 1 s t ruc 1 1 on s ; 'j'-. sino^tr 

Easy expandable memory and I/O 
IK X 8 masked ROM 
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TECHNICAL DATA 


TMP8048PI, TMP8035PI 





















TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8048PI, TMP8035PI 


PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 

Circuit GND potential 

VDD (Power Supply) 

+5V during operation Low power standby pin for TMP8048 RAM 

VCC (Main Power Supply) 

+5V during operation 

PROG(Output) 

Output strobe for the TMP8243P I/O expander 

P10-P17 (Input/Output) Port 1 

8-bit quasi -bidirectional port (Internal Pullup=50kQ). 

P20-P27 (Input/OutDut) Port 2 

8-bit quasi-bidirectional port (Internal Pullup=50kQ). 

P20-P23 Contain the four high order prograrc counter bits during an 
external program memory fetch and serve as a 4-bit I/O expander bus for 
the TMP82A3P. 

DB0-D57 (Incut/Output. 3 State) 





fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 

TO (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

T1 (Input) ^ 

Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

TnT (Input) 

External interrupt input. Initiates an interrupt if interrupt is 
enabled. Interrupt is disabled after a reset. Also testable with 
conditional jump instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Lov/) Used as a Write Strobe to 
External Data Memory. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8048PI, TMP8e35PI 


RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during Power down. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of AI.E strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conj unction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being excuted . 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external n-~zry . Useful for emulation and debug and essential for testinz 
and program verification. (Active High). 

XTAL 1 (Input) 


Other side of crystal input. 

FUNCTIONAL DESCRIPTION 
1. System Configuration 

The following system functions of the TMP8048 are described in detail. 


(1) 

Program Memory 


(6) 

Stack (Stack Pointer) 

(2) 

Data Memiory 


(7) 

Flag 0, Flag 1 

(3) 

I/O Port 


(8) 

Program Status Word (PSW) 

(4) 

Timer/Counter 


(9) 

Reset 

(5) 

Interrupt Control Circuit 


(10) 

Oscillator Circuit 


( 1 ) 


Program Memory 

. The maximum memory that can be directly addressed 
4096 bytes. The first 1024 bytes from location 0 
internal resident mask ROM. The rest of the 3072 
memory are external to the chip. The TMP8035 has 
memory; all memory must be external. 


by the TMP8048 is 
through 1023 can be 
bytes of addressable 
no internal resident 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8048PI, TMP8035PI 


There .u t- three locations in Program Memory of special importance. 

Address 
4095 

2048 
2047 

1024 
1023 

0 

Program Memory* Area 



Memor>^ Bank 1 


Memory Bank 0 


. Location 0 

Activating the Reset line of the processor causes the first instruc¬ 
tion to be fetched from Location 0. 





. Location 7 

A timer/counter interrupt resulting from a timer/counter overflow 
(if enabled) causes a jump to a subroutine defined by address held in 
Location 7 . 

. Program address 0-2047 and 2048-4095 are called memory banks 0 and 1 
respectively switching of memory banks is achieved by changing the 
most significant bit of the program counter (PC) during execution of 
an unconditional jump instruction or call instruction executed after 
using SEL MBO or SEL MBl. 

Reset operation automatically selects Bank 0. 


(2) Data Memory 

. Resident Data Memory (volatile RAM) is organized as 64 words by 8-bits 
wide . 

. The first 8 locations (0 -7) of the memory array are designated as 
working registers and are directly addressable by several 
instructions. By executing a Register Bank switch instruction (SEL 
RBI) locations 24 - 31 are designated as the working registers in 
place of 0 - 7. 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP8048PI, TMP8035PI 


Address 

03 


32 

31 


24 

23 


Data Memory 

Resister Bank 1 

_m 

8 Level Stack 

(16 byte) 

Resister Bank 0 
RBO 


Internal Data Memory Area 


RAM locations 8 ~ 23 serve a dual role in thaL th^y contain the program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
Iccaticns store returning addresses from subroutines. If the level of 
subroutine nesting is less than the permitted 8, you free up 2 bytes of 
RAM for general use for every level of nesting not utilized. 



. Tne TM?S‘j-8 architecture allows extension of the Data Memory to 256 words. 


( 3)Input/Output Ports 

. The TMP8048 has 27 I/O lines which can be used for either input or output. 
These I/O lines are grouped into 3 ports each having 8 bidirectional lines 
and 3 "test" inputs which can alter program sequences when tested by con¬ 
ditional jump instructions. 

. Ports 1 and 2 are each 8-bits wide and have identical characteristics. 

Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., inputs 
must be present until read by an input instruction. 

. All lines of Ports 1 and 2 are called quasi-bidirectional because of a 
special output circuit structure (illustrated in Figure 1). Each line is 
continously pulled to a +5V level through a high impedance resistive device 
(50kQ ) which is sufficient to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL gate thus allowing the same 
pin to be used for both input and output. In order to speed up the "0" 
to "1" transition a low impedance device (5kQ ) is switched in momentarily 
whenever a "1" is written to line. When a "0" is written to line a low 
impedance device overcomes the pullup and provides TTL current sinking 
capabi1ity . 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8048PI, TMP8035PI 


Internal Bus 


Write Puls 


ANL, ORL-j 

n-4 


D Q 

D-Type 
Flip-Flop 

CT.K Q 


a 


+5V 


+5V 





□ 50kf2 I/O pins 
Portl or 2 


IN 


Inter Buffer 


Fig.l Input/Output Circuit of Port 1, Port 2 
. Reset initializes all lines to a high impedance "i” state. 

. When external data memory area is not addressed during excution of an 

a non — ^atcnec input port. novever, x/J lines oi tnis port cannot oe 
intermixed. 


As a static port data is written and latched using tlie OUTL instruction 
and inputted using the INS instruction these two commands generate 
pulses on the corresponding RD and WR strobe lines. 

As a bidirectional port the MOVX instructions are used to read and write 
the port which generate the RD and WR strobes. 

When not being written or read, the Bus lines are in a high impedance 
state. 


(4)Timer/Event Counter 

. The 8-bit binary up counter can use either of the following frequency 
inputs 

(1) Internal clock (1/480 of OSC frequency) 

. Timer mode 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8048PI, THIP8035PI 


(2) External input clock form T1 terminal 

(minimum cycle time 3 x ALE cycle) 

. Event Counter mode 

The counter is presettable and readable with two MOV instructions 

which transfer the content of the accumulator to the counter and vice 

versa. The counter content is not affected by a Reset and is initialized 
solely by the MOVT, A instruction. The counter is stopped by a Reset or 
STOP TCNT instruction and remains stopped until started by START T 

instruction or as an event counter by a START CNT. Once started the 
counter will increment to its maximum count (FF) and overflow to Zero 

continuing its count until stopped by a STOP TCNT instruction or RESET. 

The increment from maximum count to Zero (overflow) results in the setting 
of an overflow flag and the generation of an interrupt request. When 
interrupt acknowledged a subroutine call to Location 7 will be initiated. 
Location 7 should store the starting address of the timer or counter 
service routine. The state of the overflow flag is testable with the 
conditional JUMP (JTF). The flag is reset by excuting a JTF or by RESET. 
Figure 2 illustrates the concept of the tim.er circuit. 


XTAL/15 



Timer Overflow Flag 
Flip-Flop 


Cleared on Start Timer 


STOP TCNTO 


STRT T 



S-Bit Timer/ 
Counter 


STRT CNT 


-A 


JTF Instruction 


Timer Interrupt 
Request Flip-Flop 


Read/V7rite Enable 


;=D- 


INT 


Timer Interrupt Enable 


Fig.2 Concept of Timer Circuit 












integrated circuit 


TOSHIBA 


TECHNICAL DATA 

TMP 8048 PI, TMP 8035 PI 


jTr 

Inst mction- 


Timer 
Flag F-F 
. R 


Conditional Jurnp Logic 


Timer Overflow 


Timer Interrupt 
Execution- 


-S Q 

Timer 
Overflow 
.R F-F 


RETR 

Instruc- p 


Last cycle 
of InstructI 


Inter¬ 

rupt 

F-F _ 
“K Cr 


^Extemal inters 
, rupt Reccg-ized 

Timer interrupt 
Recognized 



DIS 1 ' 
Instruction 


DIS TCNTl 
Instruction 


Fig.3 Concept of Interrupt Control Circuit 


(5) Interrupt Control Circuit 

. There are two distinct types of Interrupts in the TMP8048. 

(1) External Interrupt from the INT terminal 

(2) Timer Interrupt caused by timer overflow 









TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8048PI, TMP8035PI 


The interrupt system is single level in that once an interrupt is detected 
all further interrupt requests are ignored until execution of an RETR 
(which should occur at the end of an interrupt service routine) reenables 
the interrupt input logic. 

. An int err upt sequence is initiated by applying a low level "O'* to the INT 
pin. INT is level triggered and active low which allows "Wire Oring" of 
several interrupt sources. The interrupt level is sampled every machine 
cycle during ALE and when detected causes a "jump to subroutine" at Loca¬ 
tion 3. As in any call to subroutine, the Program Counter and Program 
Status Word are saved in the stack. 

. When an overflow occurs in the internal timer/event counter an interrupt 
request is generated which is reserviced as outlined in pre vio us paragraph 
except that a jump to Location 7 is used instead of 3. If INT and times 
overflow occur simultaneously then external request INT takes precedence. 

. If an extra external interrupt is needed in addition to INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(one less than the terminal count), and enabling the event counter mode. 

A "1" to "0" transition on T1 will cause an interrupt vector to Location 7. 



Figure 3 illustrates the concept of the interrupt control circuit. 


(6) Stack (stack Pointer) 

. An interrupt or Call to subroutine causes the contents of the program 

counter to be stored in one of the 8 register pairs of the Program Counter 
Stack. The pair to be used is determined by a 3-bit stack pointer which is 
part of the Program Status Words (PSW explained in section (8)). Data RAM 
locations, 8 through 23 are available as stack registers and are used to 
store the program counter and 4-bits of PSW as shown in the figure. 

. The stack pointer when initialized points to RAM location 8 and 9. The 
first subroutine jump or interrupt results in the program counter contents 
being transferred to Locations 8 and 9. Then the stack pointer is incre¬ 
mented by one to point to Locations 10 and 11. Eight levels of subroutine 
are obviously possible. 

, At the end of a subroutine signalled by a RET or RETR causes the stack 
pointer to be decremented by one and the contents of the resulting pair 
to be transferred to the Program Counter. 
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TMP8048PI, TMP8035PI 



. FO is a part of the program status word (PSW) and is saved in the stack 
area when a subroutine is called. 


(8) Program Status Word (PSW) 

. An 8-bit status word which can be loaded to and from the accumlator exists 
called the Program Status Word (PS\\0 . The PSW is read by a MOV A, PS!*? and 
written to by a MOV PSW, A. The information available in the PSW is shown 
in the diagram below. 
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TECHNICAL DATA 


TMP8048PI, TiyiP8035PI 


Stack Pointer 

_ i _ 

| C !AC |FO IBS |1 |S2 |S1 Iso I 

MSB 1 I ! I LSB 

!_I l_! 

Saved in stack area Spare ("1” during Read) 
at the time of Sub¬ 
routine Call. 


Bits 0 - 2 : Stack Pointer Bits(S0, SI, S2) 

Bit 3 : Not used ("1” level when read.) 

Bit 4 : Working Register Bank Switch Bit 

(BS) 

j = Bank C 
1 = Bank 1 

Bit 5 : Flag 0 (FO) 

fit 6 : Auxiliary Carrv (AC) carrv bit venerated r 


bit 7 : Carry (C) flag which indicates that the previous 

operation has resulted in the accumulator. 

(C) 


(9) Reset 

The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pullup register which in 
combination with an external IpF capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic is 
initialized . 
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TMP8048PI, TMP8035PI 


If the pulse is generated externally the reset pin must be held at ground 
(\0.5V)for at least 50mS after the power supply is within tolerance. 

. Reset performs the following functions within the chip: 

(i) Sets PC to Zero. 

(ii) Sets Stack Pointer to Zero. 

(iii) Selects Register Bank 0. 

(iv) Selects Memory Bank 0. 

(v) Sets BUS (DBO - DB 7) to high impedance state. (Except when EA = 5V) 

(vi) Sets Ports 1 and 2 to input mode. 

(vii) Disables interrupts (timer and external). 

(viii) Stops Timer. 

(ix) Clears Timer Flag. 

(x) Clears FO and FI. 

(xi) Disables clock output from TO. 

(10) Oscillator Circuit 

. TMP8048 can be operated by the external clock input in addition to 
crystal oscillator as shown below. 


+5V 



2. Basic Operation and Timing 

The following basic operations and timing are explained 

(1) Instruction Cycle 

(2) External Memory Access Timing 

(3) Interface with I/O Expander TMP8243P 

(4) Internal Program Verify (Read) Timing 

(5) Single Step Operation Timing 

(6) Low Power Stand-by Mode 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8048PI, TMP8035PI 


(1) Instruction Cycle 

. The instructions of TMP8048 are executed in one or two machine cycles, 
and one machine cycle contents of five states. 

. Fig,4 illustrates its relationship with the clock input to CPU. 

. c^2 clock shown in Fig.4 is derived to outside by ENTO CLK instruction. 

. ALE can be also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 


(2) External Memory Access Timing 
(i) Program Memory Access 

. TMP8048 programs are excuted in the following three modes. 

(1) Execution of internal program only. 

(2) Execution of both external and internal programs. 

(3) Execution of external programi only. 

The external program memory is accessed (instructions are fetched) 
aut om.a1 1 ca i ly when the internal ROM address is exceeded in mode 2 ^ 


. The contents of the 12-bit program counter will be output on BUS(DBO - 
DB7) and the lower 4-bits of Port 2. 

. Address Latch Enable (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE is used to latch the address 
externally . 

. Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 

. BUS (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word. 

. Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

. In the extended data memory access operation during READ/WRITE cycle the 
following occurs 

. The contents of RO R1 is output onto BUS (DBO - DB7). 

. ALE indciates address is valid. The trailing edge of ALE is used to 
latch th^ address externally. 

. A read RD or write WR pulse on the corresponding output pins indicates 
the type of d£ta memory access in progress. Output data valid at trail- 
ing edge of WR and input data must be valid at trailing edge of RD. 

. Data (8-bits) is transferred over BUS, 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP8048PL TMP8035PI 









integrated circuit 


TOSHIBA 

TMP8048PI, TMP8035PI 

TECHNICAL DATA 


Figure 6 illustrates the timing of accessing the external data memory 
during execution of external program. 

(3) Interface with I/O Expander (TMP8243P) 

The TMI^8048 I/O can be easily expanded using the T^P8243 I/O Expander. 

THis device uses only the lower half 4-bits of Port 2 for commuication 
with the TMP8048. The TMP8243 contains four 4-bit I/O ports which serve 
as extensions of one chip I/O and are addressed as Ports (4-7). All 
communication takes place over the lower half of port 2 (P20 - P23) with 
timing provided by an output pulse on the PROG pin. Each transfer consists 
of two 4-bit nibbles the first containing the "OP Code" and port 
address and the second containing the actual 4-bits of data. 

+12V 



Fig.7 Timing of Reading Internal Program Memory 


5V 



Fig.8 (a) Single Step Circuit 
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Reading of Internal Program Memory 

. The process or is placed in the READ mode by applying +12V to the EA pin and 
OV to the RESET pin. The address of the location to be read is then 
applied to BUS and the lo w orde r 2“bits of Port 2. The address is latched 
by a 0 to 1 transition on RESET and the high level causes the contents of 
program memory location addressed to appear on the eight lines of BUS. 

. Figure 7 illustrates the timing diagram for this operation. 

(5) Single Step Operation. 

. A single step feature useful for debug can be imp 1em ented by utilizing a 
circuit shown in Figure 8 (a) combined with the SS~pin and ALE pin. 

• ^ flop '^ith set and reset is used to generate In the run 

mode SS is held high by keeping the flij) flop set. To enter single step, 
set IS remo\(d allowing ALE to bring SS low via reset input. The next 
instruction is ctarted by clocking a "1" into the FF which_will not appear 
on SS Liniess ALE is high removing reset. In response to SS going high 
the processor begins an instruction fetch which brings ALE low resetting 
and caus.n. tte processor to again enter the stopped state. 

. The timing diagia.r, in tliis case is as shown in Figure 8 (b) . (EA = 5V) . 


^Ower .. . c ncs o.-cn organ: zed ro a^low power to be removed from all 
but the volatile, oh x doia RAM array. In power down mode the contents 
of data RAM can be ma-^ntainod while drawing typically 10 - 15% of normal 
operating power requi i ernent s . 

VCC serves as the 5V supply for the bulk of the TM1^8048 while the VDD 
supplies only the RAM array. In standby mode VCC is reduced to OV but VDD 
IS kept at 5V. Applying a low level to reset inhibits any access to the 
RAM by the processor and guarantees that RAM cannot be inadvertently 
altered as pov7er is removed from VCC. 



Port20 -23 
Data 

Fig.8(b) Single Step Operation Timing 
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INSTRUCTION 









ACCUMULATOR 

INSTRUCTION 







1 1 

nsTrurtinn Cndp 1 




Flag I 











tD7 

D6!D5|D4|D3! 

D2!D1iDOl 




Cl AC! 

I ADD A,Rr 

! 0 

11 

11 ol 1 1 

r| r| r| 

(A)<-(A)+(Rr) 

1 

1 1 i 

o I 0 I 

I 

1 

1 

1 1 1 

1 1 1 

r = 0-7 


1 1 

I I 

I ADD A,0Rr 

! 0 

li 

11 ol ol 

Ol ol rl 

(A)<-(A)+((Rr)) 

1 

1 1 1 

0 ! 0 I 

i 

1 

1 

1 1 1 

1 1 1 

r = 0, 1 


1 1 

I I 

I ADD A,#Data 

! 0 

ol 

ol o! ol 

ol ll 11(A)<-(A)+Data 

2 

1 2 ! 

O i 0 I 

I 

id7 

db 

d5ld4!d3l 

d 2 |dlIdol 



1 i 

I I 

lADDC A,Rr 

i 0 

1! 

ll ll ll 

rl rl rl 

(A)<-(A)+(Rr)+(C) 

1 

1 1 1 

0 0 

I 

1 

1 

1 1 1 

1 I 1 

r = 0-7 


1 1 

I I 

lADDC A,(?Rr 

: 0 

1 1 

11 ll Ol 

ol ol rl 

(A)<-(A)+((Rr))+ 

1 

! 1 1 

0 I o 

I 

1 

1 

1 1 1 

1 1 1 

(C) 


1 1 

I I 

I 

i 

1 

1 1 1 

1 1 1 

r = 0, 1 


1 1 


lADDC A,#Dat 

a 1 0 

Ol 

Ol 11 ol 

Ol ll 11(A)<-(A)+Data+(C) 

2 

1 2 1 

0 I o ! 

I 

!d7!d6|d5|d4|d3! 

d2|dl|dO| 



1 1 

I I 

lANL A,Rr 

i 0 

11 

ol ll ll 

rl rl rl 

(A)<-(A) and (Rr) 

1 

1 1 1 

- 1 - 1 

I 

1 

1 

1 1 1 

1 1 i 

r - 0-7 


1 1 

1 1 

I I 

lANL A,@Rr 

1 0 

ll 

ol ll ol 

ol oh rl 

(A)<-(A)and ((Rr)) 

1 

! 1 1 

- 1 - 1 

I 

I 

1 

1 1 1 

1 1 1 

r = 0,1 


I ! 

! 

I I 

I ANL Aji'Data 

! 0 

li 

01 1 1 o! 

0! ll ll 

(A)<-(A) and Data 

2 

! 2 ! 

— ' - i 


'd7 

d6' 

d5 d4 d3' 

dZ'dl 'dO' 




' 

iORL A,Rr 

! 0 

1 i 

o: o: ll 

r 1 r ! r 1 

(A)<-(A) or (Rr) 

1 1 

1 ' 

- i - ! 

1 

1 

i 

i 1 1 

1 ! 1 

r = 0-7 


i 1 

I I 

I 1 

lORL A,CRr 

i 0 

1 1 

o' oi o! 

0' O' rl 

(A)<-(A) or ((Rr)) 

! 1 

! 1 

_ i -I 

ORL A.-3:s 

r, 



/: 

vA; -'A.' or Data 

- 

- 

- - 

XRL A. Rr 



3 11 

r r r 

(a) '-V.A/ r.CR 'xRr; 

1 

1 

_ 

1 

1 

! 

! 

1 I 1 

1 1 1 

1 1 1 

r = 0-7 


1 1 

1 i 

IXRL AjCRr 

1 I 

11 

ol 1 1 ol 

Ol Ol rl 

(A)<-(A) EOR((Rr)) 

1 1 

1 1 1 

- i - 1 

1 

1 

1 

1 1 1 

1 1 1 

r = 0, 1 


1 1 

1 ! 

jXRL A,#Data 

! 1 

11 

01 ll 01 

oi ll ll 

(A)<-(A) EOR Data 

1 2 

1 2 1 

- 1 - 1 

1 

!d7 

d6|d5|d4!d3l 

d2|dl|d0l 



1 1 

I 1 

iiNC A 

1 0 

Ol 

ol 1 1 ol 

ll ll ll 

(A)<-(A)+1 

1 1 

1 1 1 

- 1 - 1 

I DEC A 

! 0 

o! 

ol ol ol 

ll l! ll 

(A)<-(A)-1 

1 I 

1 1 1 

-i -1 

1 aR A 

! 0 

oi 

1 1 o: o; 

1 i 1 i 1 i 

(AX-O 

1 1 

1 1 1 

-! - 1 

1 CPL A 

1 0 

ol 

11 11 ol 

ll ll i! 

(aX-not (a) 

1 1 

1 1 I 

- 1 - 1 

Ida a 

! 0 

ll 

ol ll ol 

1| ll 1|Decimal Adjust 

1 1 

1 1 1 

oi -1 

1 

! 

1 

1 1 1 

I 1 1 

Accumulator 


1 1 

1 1 

1 SWAP a 

1 

1 

1 0 

1 

1 

ll 

1 

o! ol ol 

1 i 1 
! 1 1 

ll ll ll 

1 1 1 

1 1 1 

(A4-7)->(A0-3) 

<- 

1 1 

1 1 1 
1 1 

I I 

1 1 

1 1 
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. I Instruction Code I ^ . • 

Mnemonic | p? [ D61D5 ! D4ID31D2ID11 DO I ^ 


RL A 

1 11 

1! 

11 

ol 

ol 

li 

11 

11(An+l)<-(An) 

1 

1 

1 

1 

1 

- i - 


1 1 

1 

1 

1 

1 

! 

1 

1 n = 0-6 

1 


1 


1 

1 


1 1 

i 

i 

1 

1 

1 

1 

1 (A0)<-(A7) 

i 


1 


! 

1 

RLC A 

1 ll 

1 1 

1 1 

11 

ol 

1! 

11 

1 i (An+l)<-(An) 

1 

1 

I 

1 

1 

- 1 - 


1 ! 

1 

1 

1 

! 

1 

1 

1 n = 0-6 

1 


! 


1 

1 


i 1 

1 

1 

1 

! 

i 

1 

1 (C)<-(A7) 

! 


1 


i 

1 


1 1 

1 

1 

1 

1 

1 

1 

1 (A0)<-(C) 

i 


1 


1 

1 

RR A 

! oi 

11 

1! 

11 

o! 

11 

11 

11(An)<-(An+l) 

1 

1 

1 

1 

1 

- 1 - 


1 1 

1 

1 

1 

1 

1 

i 

1 n = 0-6 

1 


1 


1 

1 


1 ! 

1 

1 

! 

i 

1 

i 

1 (A7)<-(A0) 

i 


1 


1 

1 

RRC A 

1 o| 

1! 

11 

o! 

oi 

11 

1 i 

1!(An)<-(An+l) 

1 

1 

1 

1 

1 

-j - 


1 1 

1 

1 

1 

1 

1 

I 

1 n = 0-6 

1 


1 


1 

1 


1 1 

1 

1 

1 

1 

1 

1 

1 (C)<-(A0) 

1 


1 


1 

1 


1 1 

1 

1 

1 

1 

I 

! 

l(A7)<-(C) 

1 


! 


1 

1 


Bytes 


Cy c 1 e s 


Flag 


Cl AC 


I nput/Output Instruction 


i Mnemonic 

! Instruc 

t i 0 

n Code 

' ^ 

1 B V t e s 

1 

cles 

1 Flag 

iD7i 

D6; 

D5 

D4,D3iD2iDl 

,D0! 

1 C' AC 

1 IN A,Pp 

1 ol 

o! 

Ol 

o! 

1 1 ol P 

P|(A)<-(Pp) 

1 

1 

1 

2 

1 -1 - 

1 

1 1 

1 

1 

! 

1 1 

1 1 P = 1, 2 

1 


j 


1 1 


' n ' 

0 

1 

■i 

1: 0' ? 

' P'(?n'>"-(A) 

i 

1 

' 

0 

-! - 






:' c' ? 

p r- ' _ ■' 


2 



' _ _ 


^ c~ 

dn 

d 5 

A 

d3'd2 cl 

dO ? = 1,2 






'ORL Pp,7MData 

i ] 1 

0 ' 

oi 

o! 

1 i ol P 

P 1 (Pp)<-(Pp)or 

Data I 

2 


2 

1 - i - 

j 

id7id6!d5!d4!d3|d2ldl 

Idol P = 1,2 

1 


1 


I 1 

1 INS A,BUS 

! ol 

Ol 

Ol 

ol 

ll ol 0 

1 0|(A)<-(BUS) 

1 

1 

1 

2 

1 -1 - 

iOUTL BUS,A 

1 0! 

ol 

ol 

ol 

ol Ol 1 

1 Ol(BUS)<-(A) 

1 

1 

1 

2 

! -1 - 

lANL BUS,#Data 

1 11 

ol 

ol 

ll 

ll o! 0 

1 Ol(BUS)<-(BUS) 

and 1 

2 

1 

2 

1 -1 - 

! 

Id7|d6|d5! 

d4|d3|d2idl 

Idol Data 

1 


1 


1 1 

iORL BUS,#Data 

1 11 

ol 

o! 

Ol 

1 1 ol 0 

1 ol (BUS)<-(BUS) 

or 1 

2 

1 

2 

1 -1 - 


Id7id6| 

d5ld4|d3|d2|dl 

1 dO 1 Data 

1 


1 


1 1 

iMOVD A,Pp 

! ol 

oi 

0! 

oi 

1 1 1 I P 

1 P 1 (A0-3)<-(Pp) 

1 

1 

1 

2 

1 -1 - 

1 

1 1 

1 

i 

1 

1 1 

1 !(A4-7)<-0 

1 


1 


1 1 

1 

1 1 

1 

1 

1 

1 1 

1 1 P = 4 - 7 

1 


1 


1 1 

iMOVD Pp,A 

1 ol 

ol 

ll 

11 

1 1 1 1 P 

1 P 1 (Pp)<-(A0-3) 

1 

1 

1 

2 

1 -1 - 

1 

I 1 

1 

1 

1 

1 1 

1 1 P = 4 - 7 

1 


1 


1 1 

lANLD Pp,A 

1 11 

ol 

ol 

11 

1 1 1 1 P 

1 P 1 (Pp)<-(Pp)and 1 

1 

1 

2 

1 -1 - 

i 

1 1 

1 

1 

1 

1 1 

1 l(A0-3) 

1 


1 


1 1 

1 

1 1 

1 

1 

1 

1 1 

1 1 P = 4 - 7 

1 


1 


1 1 

lORLD Pp,A 

1 ll 

ol 

oi 

0 1 

1 1 1 1 P 

1 P 1 (Pp)<-(Pp)or 

(AO-3)1 

1 

1 

2 

1 -1 - 

1 

1 1 

1 

1 

1 

1 1 

1 1 P = 4 - 7 

i 


1 


1 1 
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Register Instruction 


Mnemonic 

1 Instruction Code 1 f, • I. 

Bytes j 

Cycles j 

F 1 ag 1 

!D7ID6!D5!D4!D3!D2!d1!D0| ^ !' 

Cl AC| 

! INC Rr 

i oi Ol Ol 1 1 1 1 

r| r| rl (Rr)< —(Rr) + 1 1 

1 1 

1 1 

_ j _ 1 

1 

1 1 1 1 1 i 

! 1 1 r = 0 - 7 1 

1 

I 

I 1 

1 INC Coiir 

i 0: 0 : 0! 1; 0! 

ol ol rl((Rr))<-((Rr))+l 1 

1 1 

1 1 

- 1 - 1 

! 

! ! ! ! 1 1 

1 ! 1 r = 0, 1 i 

1 

I 

i 1 

i DEC Rr 

! 1! 1! 0 ! ol ) 1 

rl r 1 rl (Rr)<—(Rr)-l 1 

1 1 

1 1 

-1 -1 

i 

1 1 1 ! 1 I 

1 1 1 r = 0 - 7 1 

{ 

1 

1 

Branch Instruction 

1 Mnemonic 

Instruction Code 1 Operation iBytes 

Cycles 

Flag 

1 

1 D7'D6iD5!D4;D3|D2!Dl!D0| 1 

1 

i 

Cl AC I 

iJMP Address 

!al0ia9!a8i Oi Oi 

1 1 Ol Ol (PC0-7)<—(aO-7) ! 

2 1 

2 1 

- i - 1 

1 

Ia7 Ia6|a5la4|a3la2lal|a0i (PCS-10)<—(a8-10) i 

1 

1 

! j 

i 

! i 1 1 1 1 

1 1 |(PC11)<—DBF i 

1 

1 

1 1 

IJMPP @A 

! 1 1 ol 1 1 1 1 01 

ol li ] 1 (PC0-7)<—((A)) 1 

1 1 

2 1 

- 1 - 1 

iDJNZ Rr, 

1 1 1 1 1 1 ! ol 1 1 

rl rl r 1 (Rr)<--(Rr)-l i 

2 1 

2 1 

-1 -! 

iAddress 

I a7a6!a5!a4la3: 

a21 a 11aO1if Rr not 0 

1 


[ 1 

; 

1 i I ! ! ! 

; 1 1 (PC0-7)<—(aO-7) 1 

! 

1 

1 I 

JC Address 

' 1' 1' r i' 0 

1 ‘ 1 ' 0‘ (PCO-7 V —(aO-7) , 

0 ' 

2 

_ ' _ 1 

1 

! ' i 1 ; i 

. 1 , if C = 1 




j 

a7!a6ia5!a4!a3' 

a2'al laOi (PC) = (PC) + 2 

i 


i ! 

! 

! 1 1 1 1 i 

I 1 1 if C = 0 i 

1 

' 

i i 

JNC Address 

1110 0 

1 r 0 (PC0-7)''-(a0-7') 

2 : 


-' - 



r C / — r „ I 




jJZ Address 

1 1 ' 11 o; 0 , 01 

Ij 1| O' (PC0-7)<;—(aO-7) 1 

2 I 

2 ' 

-. - i 

1 

i a7ia6a5!a4|a3l 

a21 a 11aO!if (A) = 0 I 


! 

i 1 

i 

1 ! ! i i ! 

1 i |(PC)<—(PC) + 2 i 

1 

1 

1 

! 1 

1 

1 1 1 1 1 1 

I 1 lif (A) .NEQ.O j 


I 

1 1 

|JNZ Address 

1 ]1 ol ol 1 1 0 ! 

1| 1| Ol (PC0-7)<—(aO-7) 1 

2 1 

2 1 

_! _ 

1 

i a7!a5ia5!a4ia3| 

a2ial|a0|if (A) .NEQ.O | 

! 

i 

1 1 

1 

1 1 1 1 ! 1 

I 1 !(PC)<—(PC) + 2 1 

i 

1 

i 


1 1 1 1 1 1 

1 ! lif (A) = 0 i 


i 

i 1 

!JT0 Address 

1 ol 0 ! 1 1 1 1 o! 

1| 1| ol (PC0-7)<—(aO-7) 1 

2 1 

2 ! 

_ 1 _ 1 

i 

1 

1 a7 1 a6!a51a41a3 1 

a2|allaOlif TO = 1 I 


i 

1 

1 

1 1 ! 1 1 1 

i 1 |(PC)<—(PC) + 2 i 


1 

1 1 

1 

1 1 1 1 1 1 

1 1 lif TO = 0 1 


1 

1 1 

iJNTO Address 

1 ol ol 1 1 ol ol 

1 1 1 1 Ol (PC0-7)<—(aO-7) 1 

2 1 

2 1 


1 

1 a7|a6|a5!aAla3| 

a2|allaOlif TO = 0 I 


1 

1 1 

i 

1 1 1 1 1 1 

1 1 l(PC)<—(PC) + 2 1 


1 

1 1 

1 

1 1 1 1 1 1 

1 1 1 if TO = 1 1 


I 

1 1 

iJTl Address 

1 01 11 0! 11 01 

1| 11 Ol (PC0-7)<—(aO-7) 1 

2 i 

2 1 

-i -I 

i 

1 a7la6|a5la4la3| 

a2|allaOlif T1 = 1 | 


i 

I 1 

1 

1 1 1 1 1 1 

1 1 |(PC)<—(PC) + 2 1 


1 

1 1 

1 

1 1 1 1 1 1 

1 1 lif T1 = 0 1 


1 

1 1 

iJNTl Address 

1 Ol 11 Ol Ol Ol 

1 1 1 1 Ol (PC0-7)<—(aO-7) 1 

2 1 

2 1 

-1 -1 

1 

1 a7|a6|a5|a4la3i 

a2|allaOlif T1 = 0 I 


1 

1 1 

1 

1 1 1 1 1 1 

1 1 l(PC)<—(PC) + 2 i 


1 

1 1 

i 

1 1 1 1 1 1 

1 1 lif T1 = 1 1 


1 

1 1 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8048Pi, TMP8035PI 


1 Mneiaon i c 

Instruction Code ! Operation 

Bv tes 

1 

1 Cyclesi 
! ■ !' 

FlagI 

D7'D6!D5:D4!D3|D2!D1iDO! 

c| 

AC i 

JFO Address 

i: 0| l! ll 0| 1| li 0|(PCO-7)<--(aO-7) 

1 2 

1 2 i 

-1 

- 1 

1 

a7ia6la5ia4|a3la2lal|a0:if FO = 1 

1 

1 ! 

i 


i 

1 1; 1 1 1 1 KPCX—(PC)+2 

1 

1 

1 1 

1 


! 

Tl 

O 

II 

O 

1 

1 1 

1 


JFl Address 

O! l! li 1' Oi l! 1; 01 (PCO-7)^ —{aO-7) 

! 2 

i 2 ! 

-1 

- i 

1 

a7'a6'a5a4'a3|a2!alia0!if FI = 1 

1 

1 i 

! 


1 

: ! ; i i 1 1 1 (PC)<—(PC)+2 

1 

1 1 

1 


, 

i ! ! I ! 1 lif FI = 0 

j 

1 i 

1 

1 

JTF Address 

o: o; 0! 11 Ol 11 11 Ol(PCO-7)<--(aO-7) 

1 2 

1 2 i 

-1 

- 1 

i 

a7;a6!a5la4Ia3!a2lal!aOlif IF = 1 

1 

! 

1 ' 1 

1 


i 

1 1 1 1 1 1 1 |(PC)<—(PC)+2 

1 

1 1 

1 


1 

i 1 I 1 1 i 1 lif TF = 0 

i 

1 I 

1 


iJNI Address 

1' 01 01 O! Ol l! l! Ol (PC0-7)< —(aO-7) 

1 2 

! 2 i 

-1 

- 1 

i 

a7ia6!a5ia4!a3ia2ialia0lif INT = 0 

1 

1 1 

1 


! 

1 1 ! 1 1 1 1 |(PC)<-(PC)+2 

1 

1 1 

1 


1 

' 1 I ! 1 1 ! lif INT = 1 

! 

1 i 

1 


iJBb Address 

b2:bl!b0! i; Oi Oi H 0!(PCO-7)<--(aO-7) 

1 2 

i 2 1 

-1 

- i 

1 

a7.a6!a5!a4;a3'a2ial'aO!if Bb = 1 

I 

1 1 

1 



: 1 ; 1 i I i(PC)<-(PC)+2 

1 

! 1 

I 

i 


if Eb = 0 






1 

o 

II 

1 

j 

i 


i CALL Address 

alO 'a9 iaS : 1 ! 01 1 I O! 0: ((SP))<— 

! 2 

1 2 1 

1 

" 1 

-! 

' 

a7'a6'a5'a4'a3'a2'al|a0l (PC), (PSW4-7) 

1 

I ! 

i 

j 


‘ ’ ( qp > "- ' Cp > _ ’ 






(PC?-I") —' a8- 10' 






; ■ 1 LPCI 1 /— DBF 





' RET 

1 ! 0 ' o: 0 ' o; 0 ! 1 ! li (sp)<—(sp)-i 

i 1 

1 2 ! 

! 

1 

! 

! 1 1 1 1 1 1 |(PC)<—((SP)) 

i 

i 1 

1 

i 

' RETR 

1 0 : o' 1 1 ol ol 1 1 1 1 (sp)<—(sp)-i 

i 1 

i 2 ! 

! 

1 

i 

1 i 1 1 1 1 1 |(PC)<-((SP)) 

i 

i 1 

1 

1 

1 

i i ! i 1 1 i i(PSW4-7)<—((SP)) 

i 

1 ! 

1 

_l 


Flag Manipulation Instruction 


Mnemonic 

1 Instruction Code 

! Operation 

! Bytes 

iCyclesi 

Flag 

1 D7!D6iD5!D4|D3|D2|Di;D0| 

i 

I 1 

C! AC 

CLR C 

1 iioioiiioinn 

1 1 (C)<— 0 

1 1 

1 1 1 

Ol - 

a^L C 

o 

o 

o 

1 i (C)<—NOT(C) 

i 1 

1 1 1 

Oi - 

CLR FO 

o 

o 

o 

o 

o 

1 1 (FOX— 0 

1 1 

1 1 1 

-i - 

CPL FO 

1 llololllolllol 

1 1 (F0)<~NOT(F0) 

! 1 

1 1 1 

-1 - 

CLR FI 

o 

o 

o 

o 

1 1 (FI X— 0 

i 1 

1 1 1 

-1 - 

Q-^L FI 

i llolllllolllol 

1 1 (FIX —NOT(Fl) 

i 1 

1 1 1 

-1 - 


— 724 — 







integrated circuit 


TOSHIBA 


TECHNICAL DATA 

TMP8048PL TMP8035PI 


Data Tran^ft'r Instruction 


Mnemonic ! Instruction Code _! Operation iBytes |Cycles I Flag ^ 


1 : 

D71D6I 

D5|D4 

D3|D2! 

D1iDOl 

1 

1 


C 

AC 

IMOV A, Rr 1 

11 

11 

1 

1 

1 

r| 

r| 

rl(A)<— (Rr) 

1 1 

1 

1 

_ 

- 

! 1 

! 






1 

i r = 0 - 7 

1 

1 


- 

- 

iMOV A, @Rr i 

11 

ll 

1 

1 

0 

Ol 

01 

r|(A)<— ((Rr)) 

! 1 

1 

1 


- 

S 1 

1 






1 

1 r = 0, 1 

1 

1 




iMOV A, #Datai 

o| 

0| 

1 

0 

0 

Ol 

1 i 

1 ! (A)<—Data 

! 2 

1 

2 

- 

- 

j j 

d7 |d6'd5 

d4 

d3 

d2 1 

d] I 

dO 1 

1 

1 




iMOV Rr, A 1 

1 1 

0 

1 

0 

1 

r 1 

r| 

r 1 (Rr )^ —(A) 

1 1 

1 

1 

- 

- 

1 1 

1 






1 

1 r = 0 - 7 

1 

1 




iMOViaRr,A 1 

j ! 

0 

1 

0 

0 

ol 

01 

r|((Rr))<-(A) 

1 1 

1 

1 


- 

! j 

! 





1 

1 

1 r = 0, 1 

1 

1 




iMOV Rr,^>Datai 

11 

0 

1 

1 

1 

r 1 

r| 

r1(Rr)<—Data 

1 2 

1 

2 

- 

- 

1 1 

d7|d6! 

d5 

d4 

d3 

d2| 

dlIdol r = 0 - 7 

1 

1 




iMOV@Rr ,?,^Data ! 

1 1 

0 

1 

1 

0 

Oi 

01 

r1((Rr))<—Data 

i 2 

1 

2 

- 

- 

1 1 

a7 1 

a 6 

a5 

a4 

a3 

a2l 

al 1 

aOl r = 0, 1 

1 

1 




!mov a,psw 1 

1 1 

1 

0 

0 

0 

1! 

1 ! 

1|(A)<— (PSW) 

1 1 

1 

1 

- 

_ 

iMOV PSW, A 1 

1 ! 

1 

0 

1 

0 

1! 

1! 

1 ! (pswX— (A) 

I 1 

1 

1 

- 

- 

IXCH A, Rr 1 

0! 

0 

1 

0 

1 

r 

r 1 

1 

1 

r ! (A)—>(Rr) 

! <-- 
i r = 0 - 7 

1 1 

1 

1 

1 

I 

1 



!XCH A,@Rr ! 

0! 

0 

1 

Oi 

o! 

1 Oi 

01 

r 1 (A)—>((Rr)) 

1 1 

i 

1 


! - 

! i 




1 

1 

! 

! 

1 <- 

I 

j 


1 ' 









1 

' r = 0, 1 






‘..o ..... 


0 

i 


o 



r V AO-5 y — v ^ Rr 7-5 w 

- 


i 

" 

■ 

iMOVX A,@Rr i 

11 

o: 

o: 

0 

o' 

ol 

01 

r - 0 , 1 
r ! (AX—URr)) 

! 1 

1 

2 

1 — 

_ 

! 1 

1 


1 



j 

1 

1 r = 0, 1 

1 

! 

1 




iMOVX (aRr,A 1 

11 

ol 

0! 

1 

o! 

o! 

0! 

r!((Rr))<--(A) 

I 1 

1 

2 

_ 1 

1 _ 

1 

i 1 

1 





! 

1 

1 r = 0, 1 

1 

1 

1 


i 


IMOVP A, (2A 1 

li 

oi 

1 

0 

ol 

oi 

11 

1 1 (PC0-7)<--(A) 

! 1 

1 

2 

- i 

i - 

i 1 

1 


1 



1 

1 

1 (A)<—((PC)) 

I 

1 


I 


!movp3 a,(3a ! 

ll 

1! 

1 i 

0 

0! 

oi 

11 

1 1 (PC0-7)<—(A) 

I 1 

1 

2 

i -1 

! - 


i (PC8-11)<--0011 ! 
I(A)<—((PC)) I 



- 725 - 












integrated circuit 

TOSHIBA 

TECHNICAL DATA 

TMP8048PI, TMP8035PI 

Timer / Counter 

Instruct ion 






1 Mnemonic 


nst ruction 

Code 


1 


I Bytes 

Cyclesi 

Flagl 

1 

D7 

D6 

D5 

D4!D3! 

D2 

D1 1 

DOI 


1 


c! Ac! 

|MOV A/r 

0 

1 

0 

o! 

Ol 

0 

ll 

oi 

(A)<--(T) 

1 

1 1 


[MOV T,A 

0 

1 

1 

ol 

o! 

0 

ll 

ol 

(T)<—(A) 

1 1 

1 1 

- 1 - 1 

iSTRT T 

1 

! 

0 

1 

0 

11 

1 

1 

Ol 

1 

1 

ol 

1 

1 

] 

Counting is 
started in the 
timer mode 

1 1 

j 

1 1 

i 1 

1 1 

1 STRT CNT 

0 

1 

0 

o! 

1 

0 

1 

1 

ol 

1 

ll 

Counting is 
started in the 

! 1 

1 1 

i 1 

1 

1 




1 

1 

1 


1 

I 


event counter 

mode 

1 1 

1 

1 1 

-1 -1 

1 1 

1 STOP TCNT 

i 

0 

1 

1 

oi 

1 

1 

0 

' 

1 

Ol 

1 

11 

Stop both time 
accumulation and 
event counting 

1 1 

1 

1 1 

-1 -! 

1 1 

1 1 

!EN TCNTl 

i 

0 

0 

1 

ol 

1 

ol 

1 

ol 

1 

1 

1 

Timer interrupt 
is enabled 

1 1 

1 

1 i 

-1 - 

!DIS TCNTl 

j 

0 

0 

1 

ll 

ol 

1 

ol 

1 

Timer interrupt 
is disabled 

1 1 

! 

1 1 

1 

'! 'I 

Control Instruction 

1 Mnemonic 


[ns 

: ructior 

Code 


Operation 

Bytes 

Cycles I 

Flag i 

1 

D7'D6 

D5 

D4'D3!D2'Di ' 

DO 


1 

! 

C AC' 

-r 

c 

0 

2 



1 

f 

1 

External interrupt 

1 

1 

- - 










is enabled 




j 









is disabled 




i SEL RBO 

I 

1 

0 

0 

1 

Ol 

1 

(BSX-- 0 

1 1 

1 ! 

- - i 

1 SEL RBI 

1 

1 

0 

li 

o! 

1 

0 1 

1 

(BS)<— 1 

I 1 

1 

- - 1 

! SEL MBO 

1 

1 

1 

o! 

0 

1 

0! 

1 

(DBFX— 0 

i 1 

1 1 

- - 1 

1 SEL MBl 

1 

1 

1 

ll 

0 

1 

oi 

1 

(DBFX— 1 

1 1 

1 1 

- - j 

i ENTO CLK 

i 

0 

1 

i 

1 

ll 

1 

I 

0 

1 

ol 

1 

1 

1 

TO is enabled to 
act as the clock 
output 

1 1 

1 

1 

1 ! 

i 

1 

i 

i NOP 

0 

0 

0 

ol 


0 

ol 

0!No operation 

! ] 

I 1 

- - 1 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8048PI, TMP8035PI 


iTMP8048PI/8035PI: INDUSTRIAL SPECIFICATION| 


ABSOLUTE MAXIMUM RATTINGS 


I SYMBOL 

1 ITEM 



! RATTING 

! VDD 

1VDD Supply Voltage (with respect 

to GND 

(vss)) 

1-0.5V to + 7V 

! vcc 

!VCC Supply Voltage (with respect 

to GND 

(vss)) 

I-0.5V to + 7V 

I VINA 

1 Input Voltage (Except EA) 



1-0.5V to + 7V 

1 VINB 

linput Voltage (Only EA) 



I-0.5V to + 13V 

iPD 

iPower Dissipation (Ta = 70’C) 



! 1.5W 

i TSOLDER 

ISoldering Temperature (Soldering 

Time 10 

sec) 

1 260*C 

ITSTG 

1 Storage Temperature 



l-55'C to 150*C 

ITOPR 

jOperating Temperature 



|-40*C to 85*C 


DC CHARACTERISTICS 

| TA=-40*C to 85’C l, VCC=VDD=+5V±10%, VSS=0V, Unless Otherwise Noted. 


1 symbol! PARAMETER 

[TEST CONDITIONS [MIN.! 

TYP.[MAX.1 

UNIT [ 

1 vil 

1 Input Low Voltage 

! 1 

-0.51 

- 1 

0.7| 

V 

1 


KExcept XTALl ,XTAL2,RESET) 

1 1 

! 

i 

[ 


[ 

! VILl 

!Input Low Voltage 

1 ! 

-0.5 ' 

_ 1 

0.6' 

V 

1 

j 

1(XTALl,XTAL2,RESET) 

1 ; 

! 

1 

i 



1 VIH 

1 Input High Voltage 

i 1 

2.2l 

- [ 

VCCi 

V 

1 


KExcept XTALl,XTAL2,RESET) 

1 1 

1 

! 

1 


[ 

• VIHl 

'Input High Voltage 

' 

3.8' 

- 

vcc' 

V 

' 


s Ml Al 1 , XT A12 , RE SET' 







VCl 

Cutpjt lew Voltage 'EIS' 

111 = 1.6 tt-A 

- 

- 

1.45 



' veil 

■2ui>put ^ow \Oa.Lag“ 

Ill = 1.6 mA 

- 

- 

0.45 

V 



l(RD, WR, PSEN, ALE) 

1 1 

1 


! 



iv0L2 

[Output Low Voltage (PROG) 

[ lOL =0.8 mA [ 

- [ 

[ 

0.45 1 

V 


1 V0L3 

[Output Low Voltage 

1 lOL = 1.2 mA 1 

- [ 

- [ 

0.45[ 

V 



[(For other output pins) 

1 [ 

[ 


1 



Ivor 

[Output High Voltage (BUS) 

[ lOH =-280pA [ 

2.4[ 

- [ 

1 

1 

V 


VOHl 

[Output High Voltage 

1 I OH =-80uA [ 

2.AI 

- 1 

- 1 

V 



[(RD, WR, PSEN, ALE) 

! [ 

1 


1 



1 V0H2 

[Output High Voltage 

[ lOH =-30uA 1 

2.A| 

- ! 

- [ 

V 



[(For other output pins) 

! 1 

1 


1 



1 ILI 

[input Leak Current (T1, INT) 

! [ 
[VSS < VIN < VCC [ 

! ^ [ 

[ 

1 

- [ 

i 

±10[ 

! 

UA 


1 ILIl 

[input Leak Current 

1 VSS+0.45<VIN<VCC| 

- 1 

1 

-7001 

pA 



[ (PlO-17 , P20~P27 , EA, SS) 

1 “ “ 1 

1 


1 



1ILO 

[Output Leak Current (BUS, TO) 

!VSS+0.45<VIN<VCCi 

- [ 

! 

±10 [ 

UA 



1(High impedance condition) 

i " [ 

[ 


[ 



1 IDD 

[ VDD Supply Current 

I [ 

- [ 

- 1 

20 [ 

mA 


1IDD+ 1 CC1 Total Supply Current 

[ [ 

- [ 

- [ 

145[ 

mA 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8048PI, TMP8035PI 


AC CHARACTE RISTICS _ 

| TA=-40’C to 85’C l, VCC=VDD=+5V±10%, VSS=0V, Unless Otherwise Noted. 


1 SYMBOL 

i PARAMETER [TEST CONDITIONS 

[MIN.1 

TYP. 

[MAX. [ 

UNIT 1 

1 tLL 

iALE Pulse Width i 

1 

2001 

- 

1 - 1 

ns [ 

1 tAL 

1 Address Setup Time (ALE) 1 

1 

1201 

- 

1 - 1 

ns [ 

1 tLA 

lAddress Hold time (ALE) | 

1 

80 1 

- 

1 “ 1 

ns 1 

1 tcc 

[Control Pulse Width(PSEN,RD,WR) | 

1 

1 

1 

4001 

_ 

1 1 

ns 1 

tDW 

1 _ 1 
[Data Setup Time (WR) | 

1 

1 

1 

420 1 


1 1 

ns [ 

ItWD 

[Data Hold Time (Wi) 

1 

1 

1 

80 1 

_ 

1 1 

ns [ 

1 tCY 

1 Cycle Time I 

1 

2.51 

- 

[15.0[ 

us [ 

tDR 

1 1 

[Data Hold Time (PSEN,RD) I a = 20 pF 

1 

1 

1 

o| 

_ 

1 1 

1 2001 

ns 1 

1 

I tRD 

i 1 

[Data Input Read Time (PSEN, RD)! 

1 

1 

1 

_ 

1 1 

1 4001 

ns [ 

i 

tAW 

1 _ 1 

[Address Setup Time (W^R) 1 

1 

1 

1 

230 ! 

_ 

1 1 

ns [ 

! tAD 

[Address Setup Time (Data Input)[ 

1 

- 1 

- 

1 600 [ 

ns [ 

! tAFC 

1 

[Address Float Time (RD, PSEN) [ 

i 

1 

-40 1 

_ 

1 - 1 

ns I 

1 tCA 

[Internal between Control Pulse | 

'and ALE i 

1 

1 

10 1 

1 

— 

i 1 

ns [ 

t 

'Port rontrol Setuo Time (PROG' 


115 

- 

' - 

ns ' 

' t? c 

'Port Control Hold Time (PROG) 


6 5 

- 

' ~ 

n s 

tPR 

1 

■Pert 2 Input Data Set Time 
[(PROG) : 

i 

— 

— 

S6G, 
i 1 

ns , 

1 tDP 

[Output Data Setup Time (PROG) i 

1 

230 i 

- 

1 “ [ 

ns [ 

ItPD 

[Output Data Hold Time (PROG) 

1 

25 [ 

- 

1 - 1 

ns [ 

i tPF 

1 

1 

iPort 2 Input Data Hold Time ! 

1 (PROG) 1 

1 

1 

o( 

[ 

- 

1 160 1 

1 1 

ns [ 

1 tPP 

[PROG Pulse Width 1 

1 

9201 

- 

[ - 1 

ns [ 

ItPL 

[Port 2 I/O Data Setup Time 1 

1 

300 1 

- 

1 ~ 1 

ns [ 

ItLP 

[Port 2 I/O Data Hold Time [ 

1 

1201 

- 

1 ” 1 

ns [ 


Note :tCY=2.5us, Control Output:CL=80pF, BUS Output: CL=150pF, PORT20-23: 
CL=--80pF. 
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__ INTEGRATED CIRCUIT 


TOSHIBA 


TECHNICAL DATA 

TMP8048PI, TMP8035PI 


TIMING WAVEFORM 

A. 1 net ruction Fetch from External Program Memory 



C te into External Data Memory 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP8048PI, TMP8035PI 













TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


PROGRAM TAPE FORMAT 

TMP8048 progra^ns are delivered in the form of paper tape with 
format and it is required to attach the tape list. The format 
IS same as the Intel type object tape (hexadecimal tape output b;; 
system, PROMPT 48 Development Tool, etc.) 

i ) Tape Format 


Co nmcnt £ 


(CR) 

(LF) 













(CR) 



r 

_(rR) 

(LF) 


I Leader, 50 ’’NULL” characters or more 
- Conment (Record mark is not included) 


Option 


- Record Mark 

Record Length (2 hexadecimal digits) 
Loading Address (4 hexadecimal digits) 


"00" .... Normal Record 

Record Type (2 Digits) ..qi- -End of File Record 


Check Sun (2 hexadecimal digits) 

Dumy characters (RFBOL’T, BLANi:) before and after "(CR)CLF)" 
ortional. 

Record Mark (Repeated belov) 


Trailer, 50 "NULL" characters or more 


(2) Example of Tape List 
TOSHIBA MICRO COMPUTER TLCS-48 
100000000665C7D79CF50F3F951FED55A8FF16E570 
1000100088884DDE67D31F5D8ABA6DF292F113F5Cl 
100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 
10003000197352F729F12F79AA9C057C5B851EED77 


1003C0005DFDB5E556A67277F61A51C631CF9FOE80 

1003D000BD2F6F20E8BB1977E3FB5AD1F41FDAA7E2 

1003E000B53D42E0EC32546025B7308CDD52063D1D 

1003F000B4BE9E9E345B6138060B20VC372BF60BD6 

OOOOOOOIFF 


TMP8048PI, TMP8035PI 


the foil owing 
of paper tape 
^ Intel MDS 
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TOSHIBA 


INTEGRATED CIRCUIT 


TMP8048PI, TIIIIP8035PI 


TECHNICAL DATA 












TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP8049PI-6, TIIIIP8039PI-6 


8-BIT SINGLE-CHIP MICROCOMPUTER 
GENERAL DESCRIPTION 

The TMP8049PI-6, from here on referred to as the TMP8049, is a single chip 
microcomputer fabricated in N-channel Silicon Gate MOS technology which 
provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP8049 is particularly efficient as a controller. It- has extensive 
bit handing capability as well as facilities for both binary and BCD 
arithmetic . 

The TMP8039PI is the equivalent of a TMP8049 without ROM program memory on 
chip. By using this device with external EPROM or RAM, software debugging 
becomes easy. 


FEATURES 

. 2.5 mS Instruction Cycle . 128 x 8 RAM 

. Ail instruction 1 or 2 cycles . 27 I/O lines 

. Over 90 instructions; 70% single byte . Interval Timer/Event Counter 
. Easy expandable memory and I/O . Single level interrupt 

. 2K X 8 masked ROM . Single 5V supply 

-40*C to +85‘C Operation 


PIN CONNECTIONS (Top View) 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8049PI-6, TMP8039PI-6 


BLOCK DIAGRAM 



3 3 

TJ rt 
C (D 


cn fD 
cn 

3 


> 

3 O. 

rt Cu . _ 

n n o 00 


3* ft) 
w 

zn to 


3 


o 

cr 


zn m 

O 03 

cr 3 
ft) Cu 
fD 


used also for input/output 
operations with the I/O 
expander. 

Note 2) The output latch of port 0 
is also used for address 
output, 
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..^.INTEGRATED CIRCUIT 


TOSHIBA 

TECHNICAL DATA 

TMP8049PI-6, TMP8039PI-6 


PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 

Circuit GND potential 

VDD (Power Supply) 

+5V during operation Low power standby pin for TMP8049 RAM 

VCC (Main Power Supply) 

+5V during operation 

PROG(Output) 

Output strobe for the TMP8243P I/O expander 

P10-P17 (Input/Output) Port 1 

8-bit quasi -bidirectional port (Internal Pullup=50kQ). 

P20-P27 (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup=50k0). 

P20-P23 Contain the four high order program counter bits during an 
external program memory fetch and serve as a 4-bit I/O expander bus for 
the TMP8243P. 

DB0-DB7 (Input/Output, 3 State) 

True bidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program me mory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 

TO (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

T1 (Input) 

Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is^ 
enabled. Interrupt is disabled after a reset. Also testable with 
conditional jump instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low) Used as a Write Strobe to 
External Data Memory. 
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RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during Power down. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 


PSEN (Output) 

Program Store Enable . This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being excuted. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High). 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for extern¬ 
al source. 

XTAL 2 (Input) 

Other side of crystal input. 

FUNCTIONAL DESCRIPTION 
1 . System Configuration 

The following system functions of the TMP8049 are described in detail. 


(1) 

Program Memory 

(6) 

Stack (Stack Pointer) 

(2) 

Data Memory 

(7) 

Flag 0, Flag 1 

(3) 

I/O Port 

(8) 

Program Status Word (PSW) 

(4) 

Timer/Counter 

(9) 

Reset 

(5) 

Interrupt Control Circuit 

(10) 

Oscillator Circuit 


(1) Program Memory 

The maximum memory that can be directly addressed 
4096 bytes. The first 2048 bytes from location 0 
internal resident mask ROM. The rest of the 2048 
memory are external to the chip. The TMP8039 has 
memory; all memory must be external. 


by the TMP8049 is 
through 2047 can be 
bytes of addressable 
no internal resident 
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There are three locations in Program Memory of special importance. 



Memory Bank 1 


Memory Bank 0 


. Location 0 

Activating the Reset line of the processor causes the first instruc¬ 
tion to be fetched from Location 0. 

. Location 3 

Activating the interrupt line of the processor (if interrupt enabled) 
causes a jump to subroutine defined by address held in Location 3. 

. Location 7 

A timer/counter interrupt resulting from a timer/counter overflow 
(if enabled) causes a jump to a subroutine defined by address held in 
Location 7. 

. Program address 0-2047 and 2048-4095 are called memory banks 0 and 1 
respectively sw^itching of memory banks is achieved by changing the 
most significant bit of the program counter (PC) during execution of 
an unconditional jump instruction or call instruction executed after 
using SEL MBO or SEL MBl. 

Reset operation automatically selects Bank 0. 


(2) Data Memory 

. Resident Data Memory (volatile RAM) is organized as 128 words by 8-bits 
wide . 

. The first 8 locations (0 -7) of the memory array are designated as 
working registers and are directly addressable by several 
instructions. By executing a Register Bank switch instruction (SEL 
RBI) locations 24 - 31 are designated as the working registers in 
place of 0 - 7. 
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Address 

127 


32 
31 

24 
23 

8 
7 
0 

Internal Data Memory Area 

. RAM locations 8-23 serve a dual role in that they contain the program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
locations store returning addresses from subroutines. If the level of 
subroutine nesting is less than the permitted 8, you free up 2 bytes of 
RAM for general use for every level of nesting not utilized. 

. ALL 128 locations are indirectly addressable through either of two RAM 
Pointer Registers which reside at RO and R1 of the Register array. 

. The TMP8049 architecture allows extension of the Data Memory to 256 words. 


Data Memory 


Resister Bank 1 

_p_l_ 

8 Level Stack 

(16 byte) 

Resister Bank 0 
RBO 


( 3)Input/Output Ports 

. The TMP8049 has 27 I/O lines which can be used for either input or output. 
These I/O lines are grouped into 3 ports each having 8 bidirectional lines 
and 3 "test" inputs which can alter program sequences when tested by con¬ 
ditional jump instructions. 

. Ports 1 and 2 are each 8-bits wide and have identical characteristics. 

Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., inputs 
must be present until read by an input instruction. 

. All lines of Ports 1 and 2 are called quasi-bidirectional because of a 
special output circuit structure (illustrated in Figure 1). Each line is 
continously pulled to a +5V level through a high impedance resistive device 
(50kQ ) which is sufficient to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL gate thus allowing the same 
pin to be used for both input and output. In order to speed up the "0" 
to "1" transition a low impedance device (5kQ ) is switched in momentarily 
whenever a "1" is written to line. When a "0" is written to line a low 
impedance device overcomes the pullup and provides TTL current sinking 
capability. 
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50kQ I/O pins 
Portl or 2 


. Reset initializes all lines to a high impedance "1" state. 

. When external data memory area is not addressed during excution of an 
internal program, Port 0 (DBO - DB7) becomes a true bidirectional port 
(bus) with associated input and output strobes. If bidirectional feature 
not needed Bus can serve as either a statically latched output port or 
a non-latched input port. However, I/O lines of this port cannot be 
intermixed . 

. As a static port data is written and latched using the OUTL instruction 
and inputted using the INS instruct ion these two commands generate 
pulses on the corresponding RD and WR strobe lines. 

. As a bidirectional port the MOVX instructions are used to read and write 
the port which generate the RD and WR strobes. 

. When not being written or read, the Bus lines are in a high impedance 
state. 


(4)Timer/Event Counter 

. The 8-bit binary up counter can use either of the following frequency 
inputs 

(1) Internal clock (1/480 of OSC frequency) 

. Timer mode 
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(2) External input clock form T1 terminal 

(minimum cycle time 3 x ALE cycle) 

. Event Counter mode 

The counter is presettable and readable with two MOV instructions 
which transfer the content of the accumulator to the counter and vice 
versa. The counter content is not affected by a Reset and is initialized 
solely by the MOVT, A instruction. The counter is stopped by a Reset or 
STOP TCNT instruction and remains stopped until started by START T 
instruction or as an event counter by a START CNT. Once started the 
counter will increment to its maximum count (FF) and overflow to Zero 
continuing its count until stopped by a STOP TCNT instruction or RESET. 

The increment from maximum count to Zero (overflow) results in the setting 
of an overflow flag and the generation of an interrupt request. When 
interrupt acknowledged a subroutine call to Location 7 will be initiated. 
Location 7 should store the starting address of the timer or counter 
service routine. The state of the overflow flag is testable with the 
conditional JUMP (JTF). The flag is reset by excuting a JTF or by RESET. 
Figure 2 illustrates the concept of the timer circuit. 


XTAL/15 



Timer Overflow Flag 
Flip-Flop 


Cleared on Start Timer 


STOP TCNTO 


STRT T 



8-Bit Timer/ 
Counter 


STRT CNT 


Read/Write Enable 


JTF Instruction 


Timer Interrupt 
Request FIip-Jlop 



INT 


Timer Interrupt Enable 


Fig.2 Concept of Timer Circuit 
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The interrupt system is single level in that once an interrupt is detected 
all further interrupt requests are ignored until execution of an RETR 
(which should occur at the end of an interrupt service routine) reenables 
the interrupt input logic. 

. An int err upt sequence is initiated by applying a low level "0” to the INT 
pin. INT is level triggered and active low which allows "Wire Oring" of 
several interrupt sources. The interrupt level is sampled every machine 
cycle during ALE and when detected causes a "jump to subroutine" at Loca¬ 
tion 3. As in any call to subroutine, the Program Counter and Program 
Status Word are saved in the stack. 

. When an overflow occurs in the internal timer/event counter an interrupt 
request is generated which is reserviced as outlined in pre vio us paragraph 
except that a jump to Location 7 is used instead of 3. If INT and times 
overflow occur simultaneously then external request INT takes precedence. 

. If an extra external interrupt is needed in addition to INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(one less than the terminal count), and enabling the event counter mode. 

A "1" to "0" transition on T1 will cause an interrupt vector to Location 7. 

. The interrupt service routine pointed to be addresses in Location 3 or 7 
must reside in memory between 0 and 2047, i,e.. Bank 0. 

Figure 3 illustrates the concept of the interrupt control circuit. 


(6) Stack (stack Pointer) 

. An interrupt or Call to subroutine causes the contents of the program 

counter to be stored in one of the 8 register pairs of the Program Counter 
Stack. The pair to be used is determined by a 3-bit stack pointer which is 
part of the Program Status Words (PSW explained in section (8)). Data RAM 
locations, 8.through 23 are available as stack registers and are used to 
store the program counter and 4-bits of PSW as shown in the figure. 

. The stack pointer when initialized points to RAM location 8 and 9. The 
first subroutine jump or interrupt results in the program counter contents 
being transferred to Locations 8 and 9. Then the stack pointer is incre¬ 
mented by one to point to Locations 10 and 11. Eight levels of subroutine 
are obviously possible. 

. At the end of a subroutine signalled by a RET or RETR causes the stack 
pointer to be decremented by one and the contents of the resulting pair 
to be transferred to the Program Counter. 
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Stack RAM 

Pointer Address 

(7) Flag 0, Flag 1, (FG. FI) 

. The TMP8049 has two flags FO and FI which are used for conditional jump. 
These flags can be set, reset and tested with the conditional jump 
instruction JFO. 

. FO is a part of the program status word (PSW) and is saved in the stack 
area when a subroutine is called. 


(8) Program Status Word (PSW) 

. An 8-bit status word which can be loaded to and from the accumlator exists 
called the Program Status Word (PSW). The PSW is read by a MOV A, PSW and 
written to by a MOV PSW, A. The information available in the PSW is shown 
in the diagram below. 
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Stack Pointer 

_ i _ 

| C lAC |FO IBS |1 |S2 |S1 Iso I 
MSB I Mi LSB 

I_ILI 

Saved in stack area Spare (”1” during Read) 
at the time of Sub¬ 
routine Call . 


Bits 0 - 2 : Stack Pointer Bits(S0, SI, S2) 

Bit 3 : Not used ("1" level when read.) 

Bit 4 : Working Register Bank Switch Bit 

(BS) 

0 = Bank 0 
1 = Bank 1 

Flag 0 (FO) 

Auxiliary Carry (AC) carry bit generated by an ADD 
instruction and used by the decimal adjust instruction 
DA, A (AC) 

Bit 7 : Carry (C) flag which indicates that the previous 

operation has resulted in the accumulator. 

(c; 


(9) Reset 

. The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pullup register which in 
combination with an external IpF capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic is 
initialized. 


RESET 



Bit 5 
Bit 6 
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If the pulse is generated externally the reset pin must be held at ground 
(<0.5V)for at least 50mS after the power supply is within tolerance. 

. Reset performs the following functions within the chip: 

(i) Sets PC to Zero. 

(ii) Sets Stack Pointer to Zero. 

(iii) Selects Register Bank 0. 

(iv) Selects Memory Bank 0. 

(v) Sets BUS (DBO - DB 7) to high impedance state. (Except when EA = 5V) 

(vi) Sets Ports 1 and 2 to input mode. 

(vii) Disables interrupts (timer and external). 

(viii) Stops Timer. 

(ix) Clears Timer Flag. 

(x) Clears FO and FI. 

(xi) Disables clock output from TO. 

(10) Oscillator Circuit 

. TMP8049 can be operated by the external clock input in addition to 
crystal oscillator as shown below. 


+5V 



2. Basic Operation and Timing 

The following basic operations and timing are explained 

(1) Instruction Cycle 

(2) External Memory Access Timing 

(3) Interface with I/O Expander TMP8243P 

(4) Internal Program Verify (Read) Timing 

(5) Single Step Operation Timing 

(6) Low Power Stand-by Mode 
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(1) Instruction Cycle 

. The instructions of TMP8049 are executed in one or two machine cycles, 
and one machine cycle contents of five states. 

. Fig.4 illustrates its relationship with the clock input to CPU. 

. hi clock shown in Fig.4 is derived to outside by ENTO CLK instruction. 

. ALE can be also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 


(2) External Memory Access Timing 
(i) Program Memory Access 

. TMP8049 programs are excuted in the following three modes. 

(1) Execution of internal program only. 

(2) Execution of both external and internal programs. 

(3) Execution of external program only. 

The external program memory is accessed (instructions are fetched) 
automatically when the internal ROM address is exceeded in mode (2) 
and from initial start address 0 in mode (3). 

. In the external program memory access operation, the following will occur 

. The contents of the 12-bit program counter will be output on BUS(DBO - 
DB7) and the lower 4-bits of Port 2. 

. Address Latch Enable (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE is used to latch the address 
externally . 

. Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 

. BUS (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word. 

. Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

. In the extended data memory access operation during READ/WRITE cycle the 
following occurs 

. The contents of RO Rl is output onto BUS (DBO - DB7). 

. ALE indciates address is valid. The trailing edge of ALE is used to 
latch t he address externally. 

. A read RD or write WR pulse on the corresponding output pins indicates 
the type of ^ta memory access in progress. Output data valid at trail- 
ing edge of WR and input data must be valid at trailing edge of RD. 

. Data (8-bits) is transferred over BUS. 


— 746 — 





TOSHIBA 


INTEGRATED CIRCUIT 


TMP804gPI-6, TMP8039PI-6 


TECHNICAL DATA 







TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8049PI-6, TMP8039Pf-6 





TOSHIBA CIRCUIT 


TECHNICAL DATA 

TIIIIP8049PI-6, TMP8039PI-6 


. Figure 6 illustrates the timing of accessing the external data memory 
during execution of external program. 


(3) Interface with I/O Expander (TMP8243P) 

. The TMP8049 I/O can be easily expanded using the TMP8243 I/O Expander. 

THis device uses only the lower half 4-bits of Port 2 for conimuication 
with the TMP8049. The TMP8243 contains four 4-bit I/O ports which serve 
as extensions of one chip I/O and are addressed as Ports (4-7). All 
communication takes place over the lower half of port 2 (P20 - P23) with 
timing provided by an output pulse on the PROG pin. Each transfer consists 
of two 4-bit nibbles the first containing the "OP Code" and port 
address and the second containing the actual 4-bits of data. 


EA 


+12V 

OY 





X Input of Internal 
ROM Address 


Fig.7 Timing of Reading Internal Program Memory 


5V 



Fig.8 (a) Single Step Circuit 
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Reading of Internal Program Memory 

, The process or is placed in the READ mode by applying +12V to the EA pin and 
OV to the RESET pin. The address of the location to be read is then 
applied to BUS and the lo w orde r 2-bits of Port 2. The address is latched 
by a 0 to 1 transition on RESET and the high level causes the contents of 
program memory location addressed to appear on the eight lines of BUS. 

. Figure 7 illustrates the timing diagram for this operation, 

(5) Single Step Operation. 

. A single step feature useful for debug can be implemented by utilizing a 
circuit shown in Figure 8 (a) combined with the SS pin and ALE pin. 

. A D-type flip flop with set and reset is used to generate SS. In the run 

mode SS is held high by keeping the f1ip flop set. To enter single step, 

set is removed allowing ALE to bring SS low via reset input. The next 
instruction is started by clocking a "I" into the FF which will not appear 
on SS unless ALE is high removing reset. In response to SS going high 
the processor begins an instruction fetch which brings ALE low resetting 
FF and causing the processor to again enter the stopped state. 

. The timing diagram in this case is as shown in Figure 8 (b). (EA = 5V). 

(6) Lower Power Stand-by Mode. 

. The Lower TMP8049 has been organized to allow power to be removed from all 

but the volatile, 128 x 8 data RAM array. In power down mode the contents 

of data RAM can be maintained while drawing typically 10 - 15% of normal 
operating power requirements. 

. VCC serves as the 5V supply for the bulk of the TMP8049 while the VDD 

supplies only the RAM array. In standby mode VCC is reduced to OV but VDD 
is kept at 5V. Applying a low level to reset inhibits any access to the 
RAM by the processor and guarantees that RAM cannot be inadvertently 
altered as power is removed from VCC. 



Port20- 23 
Data 


Fig.8(b) Single Step Operation Timing 
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INSTRUCTION 

ACCUMULATOR INSTRUCTION 


I Mnemonic 

I Instruction Code I ^ . L 

y tes 

1 

1 

Cycles 

1 

FlagI 

|D7|D6|D5 

|D4 

lD3l 

D2ID1ID0I operation 

1 

Cl 

ACl 

I ADD A,Rr 

! o| i! 1 

1 0 

1 ll 

rl r| r|(A)<-(A)-H(Rr) | 

1 

T 

1 

1 

o 1 

0 1 


1 1 1 



1 1 1 r = 0 - 7 1 


1 


1 

1 


I ADD A,@Rr 

1 0| 1| 1 

1 0 

1 o| 

Ol Ol r1(A)<-(A)+((Rr)) I 

1 

1 

1 

1 

0 1 

0 1 


1 1 1 



1 1 1 r = 0, 1 1 


1 


1 

1 


I ADD A,#Data 

1 01 01 0 

1 0 

1 ol 

Ol ll 11(A)<-(A)+Data I 

2 

1 

2 

1 

o 1 

0 1 


Id7id6|d5 

|d4 

Id3| 

d2|dl|d0| 1 


1 


1 

1 


lADDC A,Rr 

1 01 1| 1 

1 1 

1 ll 

rl r| r1(A)<-(A)+(Rr)+(C) I 

1 

1 

1 

1 

o 1 

0 1 


1 1 1 



1 1 1 r = 0 - 7 1 


1 


1 

1 


lADDC A,(3Rr 

1 0l 1 1 1 

1 1 

1 Ol 

Ol 01 r|(A)<-(A)+((Rr))+ | 

1 

1 

1 

1 

o 1 

0 1 


1 1 1 



1 1 1(0 1 


1 


1 

1 



1 1 1 



1 1 1 r = 0, 1 1 


1 


1 

1 


lADDC A,#Data 

1 0| 0l 0 

I 1 

1 Ol 

Ol 1| 11(A)<-(A)+Data+(C) I 

2 

1 

2 

1 

o 1 

o 1 


Id7id6ld5 

1 d4 

id3| 

d2|dlld0l 1 


1 


1 

1 


lANL A,Rr 

1 01 1| 0 

1 1 

! ll 

rl rl r|(A)<-(A) and (Rr) | 

1 

1 

1 

1 

-1 

-1 


1 1 1 



1 1 1 r = 0 - 7 1 


1 


1 

1 


lANL A,@Rr 

1 0| ll 0 

1 1 

1 Ol 

Ol ol rl(A)<-(A)and ((Rr))I 

1 

1 

1 

1 

-1 

-1 


1 1 1 



1 1 1 r = 0, 1 1 


1 


1 

1 


lANL A,#Data 

1 0| ll 0 

1 1 

1 Ol 

0| ll 1|(A)<-(A) and Data 1 

2 

1 

2 

1 

~ 1 

-1 


Id7ld6ld5 

ld4 

ld3i 

d2|dl|d0i 1 


1 


1 

1 


lORL A,Rr 

1 0| ll 0 

1 0 

i ll 

rj rj r|(A)<-(A) or (Rr) | 

1 

1 

1 

1 

-I 

-1 


1 1 1 



1 I 1 r = 0 - 7 1 


1 


1 

1 


ioRL A,@Rr 

1 0l ll 0 

1 0 

1 Ol 

Ol oj ri(A)<-(A) or ((Rr))j 

1 

1 

1 

1 

-1 

-1 


1 1 ! 



1 1 1 r = 0, 1 1 


i 


1 

! 


iORL A,#Data 

1 0! ll 0 

I 0 

1 o! 

Ol 1| ll(A)<-(A) or Data 1 

2 

1 

2 

i 

-1 

-! 


!d7ld6ld5 

!d4 

Id3l 

d2|dl|d0i 1 


1 


1 

1 


IXRL A, Rr 

1 ll ll 0 

1 1 

1 ll 

r| r1 r1(A)<-(A) EOR (Rr) | 

1 

1 

1 

i 

- 1 

-1 


I 1 1 



1 1 1 r = 0 - 7 1 


1 


1 

1 


IXRL A,@Rr 

1 1 1 11 0 

1 1 

1 Ol 

Ol 0| r1(A)<-(A) EOR((Rr)) I 

1 

1 

1 

1 

- 1 

-1 


1 1 1 



1 1 1 r = 0, 1 1 


1 


1 

1 


IXRL A,#Data 

1 ll ll 0 

1 1 

1 ol 

Ol 1| 1|(A)<-(A) EOR Data 1 

2 

1 

2 

i 

- 1 

-1 


Id7|d6|d5 

|d4 

Id3l 

d2|dl|d0| 1 


1 


1 

1 


I INC A 

1 0| 0| 0 

1 1 

1 Ol 

ll ll 1|(A)<-(A)+1 1 

1 

1 

1 

1 

-1 

-1 

I DEC A 

1 0| 0| 0 

1 0 

1 Ol 

ll ll 1|(A)<-(A)-1 1 

1 

1 

1 

1 

-1 

~i 

i CLR A 

1 0| 0l 1 

1 0 

1 Ol 

1| 1| l|(A)<-0 1 

1 

1 

1 

1 

-1 

-1 

ICPL A 

1 0| 0| 1 

1 1 

1 Ol 

1| 1| 1|(A)<-N0T (A) 1 

1 

1 

1 

1 

-1 

-1 

Ida a 

1 0| ll 0 

1 1 

1 Ol 

1| 1| 1|Decimal Adjust I 

1 

1 

1 

1 

o 1 

-1 


1 1 1 



1 1 1 Accumulator 1 


1 


1 

1 


I SWAP A 

1 0| ll 0 

1 0 

1 Ol 

1| ll ll(A4-7)->(A0-3) 1 

1 

1 

1 


.-1 

-1 


1 1 1 

1 1 1 



III <- 1 

III 1 


1 

1 


r 

1 

1 

1 
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j Mnemonic 

1 Instruction Code 1 

1D7|D6lD5lD4lD3lD2lDliDOl Operation 

jBytes 

Cy c 1 e s 

IRL A 

1 ll 

11 

11 

Ol 

ol 

li 

11 

11(An+1)<-(An) 

1 1 

1 

1 

1 1 

1 


1 

1 

1 

1 

1 n = 0-6 

1 


1 

1 1 

1 


1 

1 

1 

1 

1(A0)<-(A7) 



|RLC A 

1 1 1 

11 

11 

11 

o| 

1 i 

11 

11(An+1)<-(An) 

1 1 

1 

1 

1 1 

1 


1 

1 

1 

1 

1 n = 0-6 

1 


1 

1 1 

1 


1 

1 

1 

1 

1(C)<-(A7) 

1 


1 

1 1 

1 


1 

1 

1 

1 

1(A0)<-(C) 

1 


IRR A 

1 o| 

ll 

11 

11 

ol 

11 

11 

11(An)<-(An+l) 

1 1 

1 

1 

1 1 

1 


1 

1 

1 

1 

1 n = 0-6 

1 


1 

1 I 

1 


1 

1 

1 

1 

O 

< 

1 

V 

< 

1 


IRRC A 

1 Ol 

11 

ll 

Ol 

Ol 

11 

11 

11(An)<-(An+l) 

i 1 

1 

1 

1 1 

1 


1 

1 

1 

1 

1 n = 0-6 

1 


1 

1 1 

1 


1 

1 

1 

1 

l(C)<-(A0) 

1 


1 

i 1 

1 


i 

1 

1 

1 

l(A7)<-(C) 

1 



I nput/Outpuc I nst ruction 
I , Instruction Code 

1 '^nc-monic |D7 |D6|D5|DA|D3|D2|D1 


lIN A,Pp 

I 

lOUTL Pp,A 1 01 0| iI 1i 1! 0l 

! I I I ! ! I I 

iANL Pp,#Data I ll 0| 0| H li 0| 

1 Id7|d6ld5ld4|d3|d2l 

lORL Pp,#Data I 1 I 0| 0| 0| H 0| 
I Id7|d6|d5|d4|d3ld2| 

!INS A, BUS 1 Oi oj 0| 0| ij oi 

ioUTL BUS, A I 0] 0| oi oj oj oj 

lANL BUS,#Datal H 0| 0| li li 0| 
i Id7|d6|d5|d4|d3ld2| 

lORL BUS,#Data| 1| O! Oi 0| U Ol 
I id7|d6|d5|d4id3|d2i 

iMOVD A,Pp I 0] 0| oj Oi 1| ij 

I I I i I I I I 

I I I I I I ! I 

iMOVD Pp,A 1 Ol 0| 1| li li li 

I I I I I I i I 

lANLD Pp,A I 1| Ol Ol 1| li ll 

I ! I I I I I I 

I I I I I I I I 

lORLD Pp,A i 11 0| Ol Ol 11 11 


Ol 01 Ol Ol li 0 


ilNS A,BUS 
joUTL BUS,A 


iMOVD A,Pp 

I 

1 

IMOVD Pp,A 

I 

lANLD Pp,A 


j)Q Operation 
P| (A)<~(Pp) ” 

1 P = 1,2 

P;(Pp)<-(A) 

! P = 1,2 

P 1 (Pd)<-(Pp) and Data 
d0| P’= 1, 2 

PI (Pp)<-(Pp)or Data 
dOi P = 1,2 

Ol(A)<-(BUS) 

Ol(BUS)<-(A) 

Ol(BUS)<-(BUS) and 
dOl Data 

Ol(BUS)<-(BUS) or 
dOI Data 

P|(A0-3)<-(Pp) 

I(A4-7)<-0 
I P = 4 - 7 
P|(Pp)<-(A0-3) 

I P = 4 - 7 
P I (Pp)<-(Pp)and 
I(AO-3) 

I P = 4 - 7 
P| (Pp)<-(Pp)or(A0-3) 

1 P = 4 - 7 


Cy c 1 e s j 

r~T 


-Fiagl 
c! AC| 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8049PI-6, TMP8039PI-6 


Register Instruction 



1 Instruction Code 

1 „ 1 

Bytes 

1 

Cy c 1 e s 

1 

FlagI 

1 Mnenionic 

lD7lD6lD5|D4|D3|D2iDl iDOi | 

1 

1 

cl AC| 

1 INC Rr 

1 01 

01 

01 

1| 1| r| r| 

r1(Rr)<—(Rr)+l 1 

1 

T 

1 

T 

-1 -1 


1 1 

1 

1 

1 1 1 1 

1 r = 0 - 7 1 


1 


1 

1 1 

1 INC @Rr 

1 01 

0| 

01 

li Ol Ol Ol 

rl ((Rr))<-((Rr)) + l I 

1 

1 

1 

1 

-1 -1 


1 1 

1 

1 

1 1 1 1 

1 r = 0, 1 1 


1 


1 

1 1 

1 DEC Rr 

1 11 

11 

01 

0| 11 rl r| 

rl (RrX—(Rr)-l I 

1 

1 

1 

1 

-1 -1 


1 1 

1 

1 

1 1 1 1 

1 r = 0 - 7 1 


1 


1 

1 1 

Branch Instruction 

1 Mnemonic 

! Instruction Code 

1 Operation 1 

Bytes 

T 

Cycles 

T 

Flag 1 


1 D7| 

D6|D5| 

D4lD3lD2lDll 

D0| 1 


1 


1 

Cl AC| 

IjMP Address 

lalOl 

a9!a8| 

01 Ol 1| Ol 

ol (PCO-7)< —(aO-7) 1 

2 

1 

2 

1 

- 1 - 1 


Ia7 1 

a6 1 

a5 1 

a41a31a21al1 

aO| (PC8-10)<—(a8-10) I 


1 


1 

1 1 

i 

1 1 



1 1 1 1 

KPCllX—DBF 1 


1 


i 

1 1 

iJMPP @A 

1 ii 

ol 

1 1 

11 ol 01 1 | 

li (PCO-7X—((A)) 1 

1 

1 

2 

I 

-1 -1 

IDJNZ Rr, 

i 11 

1 1 

1 1 

ol 1 1 r1 r1 

r 1 (RrX —(Rr)-l | 

2 

1 

2 

1 

- 1 - 1 

1 Address 

1 a7i 

a6 1 

a5l 

a4 i a3 1 a2 1 al 1 

aOI if Rr not 0 1 


1 


1 

1 1 


1 1 



1 1 1 1 

1 (PC0-7)<—(aO-7) I 


1 


1 

1 1 

iJC Address 

! il 

1| 

1 1 

i| 0! i| i| 

01 (PC0-7)<—(aO-7) 1 

2 

1 

2 

1 

- 1 ” 1 

! 

1 1 



1 1 1 1 

lif C = 1 1 


1 


1 

1 1 


1 a7| 

a6 1 

a5l 

a4 1 a3 1 a2 1 al 1 

aOl (PC) = (PC) + 2 1 


1 


1 

1 1 


1 1 



1 1 1 1 

lif C = 0 1 


1 


1 

I 1 

iJNC Address 

1 li 

1 ! 

1 1 

ol o! li i| 

Ol (PCO-7)<-(aO~7) 1 

2 

1 

2 

1 

~ 1 “ 1 

1 

! a7 1 

a6 1 

a5 1 

a41a3!a21al1 

aOiif C = 0 i 


1 


1 

1 i 


1 i 



1 1 ! 1 

KPCX—(PC)+2 I 


1 


1 

1 I 


i 1 



1 1 1 1 

lif C = 1 i 


1 


1 

1 1 

|JZ Address 

! 11 

1 ! 

Ol 

0! ol 11 i| 

Ol (PCO-7)<—(aO-7) 1 

2 

I 

2 

I 

”1 1 

1 

1 a7l 

a6 1 

a5| 

a41a3!a21ali 

aOiif (A) = 0 1 


1 


1 

1 I 

i 

1 1 



! 1 1 1 

|(PC)<—(PC)+2 


1 


1 

I 1 

1 

1 1 



1 1 1 1 

lif (A) .NEQ.O 1 


1 


1 

1 1 

jjNZ Address 

1 1 1 

Ol 

Ol 

i| ol 1 1 1 1 

0| (rC0-7)<— (aO-7) 1 

2 

1 

2 

1 

„ 1 »{ 


1 a7l 

a6 1 

a5 1 

a41a31a21al1 

aOlif (A) .NEQ.O | 


1 


1 

1 1 

1 

1 i 



1 1 1 1 

1 (PC)<--(PC)-l2 1 


1 


1 

1 1 


1 1 



1 ! 1 1 

lif (A) = 0 1 


1 


I 

1 1 

IJTO Address 

1 o| 

ol 

1 1 

i| ol 1 | 1 | 

Ol (PCO-7)<—(aO-7) 1 

2 

1 

2 

1 

-1 -1 

1 

1 a7| 

a6l 

a5l 

a41a3Ia21al1 

aoiif TO = 1 1 


1 


i 

1 I 

i 

1 1 



1 1 1 1 

!(PC)<—(PC)+2 1 


1 


1 

1 I 

1 

1 1 


1 

1 1 1 1 

1 if TO = 0 I 


I 


1 

1 1 

IJNTO Address 

1 o| 

Ol 

11 

01 ol 1 | li 

Ol (PC0-7X—(aO-7) 1 

2 

1 

2 


■-I -1 

1 

1 a7| 

a6 1 

a5 1 

a41a31a21al1 

aOiif TO = 0 I 


1 


I 

1 1 

1 

1 1 



1 1 1 1 

i(PC)<—(PC)+2 1 


1 


1 

1 1 

1 

1 1 



1 1 1 1 

lif TO = 1 1 


1 


1 

1 1 

IJTI Address 

1 o| 

1 1 

Ol 

1| Ol 11 ll 

0| (PC0-7)<—(aO-7) 1 

2 

1 

2 

I 

-1 -1 

1 

1 a7| 

a6 1 

a5 1 

a4|a3|a2|all 

aOlif T1 = 1 I 


1 


1 

1 1 

1 

1 1 



1 1 1 1 

i(PC)<—(PC)+2 1 


1 


I 

1 1 

1 

1 1 



1 1 1 1 

I if T1 = 0 1 


1 


1 

1 1 

iJNTl Address 

1 o| 

1 1 

Ol 

Ol Ol 1| ll 

Ol (PCO-7)<—(aO-7) 1 

2 

I 

2 

1 

-i -1 

1 

1 a7| 

a6 1 

a5l 

a41a31a21al1 

aOlif T1 = 0 1 


1 


1 

1 1 

1 

1 1 



1 1 1 1 

|(PC)<—(PC)+2 1 


I 


1 

1 1 

1 

1 i 



1 1 1 1 

lif T1 = 1 I 


1 


1 

1 1 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8049PI-6, TMP803gPI-6 


1 Mnemonic 

1 

Instruction Code i Operation |] 

5y tes 

1 Cycles 
1 

T 

FlagI 

D7|D6iD5|DA|D3|D2|Dl|D0| I 

1 

Cl AC| 

IJFO Address 

1 

1| 01 1| 1| 0| 1| 1| 0| (PC0-7)<—(aO-7) I 

2 

1 

2 

1 

-1 “1 


1 

a7ta6|a5la4|a3|a2|al|a0|if FO = 1 1 


1 


1 

1 1 


1 

1 1 1 1 1 1 1 |(PC)<—(PC)-f2 1 


1 


1 

1 1 


1 

1 1 1 1 1 1 1 lif FO = 0 1 


1 


1 

1 1 

|JF1 Address 

1 

0| 1| 1| 1| 0| 1| 1| 0| (PC0-7)<—(aO-7) I 

2 

1 

2 

1 

-1 “1 


1 

a?1a61a51a4ia31a21al1aO1 if FI = 1 1 


1 


1 

1 1 


! 

1 1 1 1 I 1 1 |(PC)<-(PC)+2 1 


1 


1 

1 1 


1 

1 1 1 1 1 1 1 lif FI = 0 1 


1 


1 

1 1 

IjTF Address 

1 

01 0l 0] 1| 0| ll 1| 0|(PCO-7)<--(aO-7) | 

2 

I 

2 

1 

“I -1 


1 

a7|a6|a5|a4|a3|a2|al|a0|if TF = 1 | 


1 


1 

1 1 


1 

1 1 1 1 1 1 1 KpcX—(PC)+ 2 i 


1 


1 

1 1 


1 

1 1 1 1 1 1 1 lif TF = 0 1 


1 


1 

1 1 

IjNI Address 

1 

1| 0| ol ol 01 ll ll ol (PC0-7)<—(aO-7) I 

2 

1 

2 

1 

~l “1 


1 

a7la6|a5|a4la3|a2|al|a0|if INT ^ 0 I 


1 


1 

1 1 


1 

1 1 1 1 1 1 1 |(PC)<—(PC)+2 1 


1 


1 

1 1 


1 

1 1 1 1 1 1 1 lif INT = 1 1 


1 


1 

1 1 

|jBb Address 

1 

b2ibl|boi ll Ol 01 ll Ol (PC0-7)<--(a0-7) 1 

2 

1 

2 

1 

-1 -1 


1 

a7|a6|a5|a4la3|a2|al|a0|if Bb = 1 1 


1 


1 

1 1 


t 

1 1 1 1 1 1 1 |(PC)<-(PC)+2 1 


1 


1 

1 1 


1 

1 1 1 1 1 1 1 lif Bb = 0 1 


1 


1 

1 1 


1 

1 1 1 1 1 1 1 1(b = 0 - 7) 1 


1 


1 

1 1 

ICALL Address! 

alO|a9|a8| H Ol 1| 0| 0|((SP))<— 1 

2 

1 

2 

1 

-1 -I 

1 

1 

a7la6|a51a4la3la2|al|a0| (PC),(PSW4-7) | 


1 


1 

1 1 

1 

1 

1 1 1 1 1 1 1 |(SP)<~(SP)+1 1 


1 


! 

1 1 

1 

1 

1 1 1 1 1 1 1 |(PC8-10)<—(a8-10)| 


1 


i 

1 1 

i 

1 

1 1 1 1 1 1 1 |(PC0-7)<—(aO-7) 1 


1 


1 

1 1 

1 

1 

I 1 1 1 1 1 1 KPCllX—DBF 1 


1 


1 

1 1 

IRET 

1 

1| Ol Ol Ol 0| 0| ll 11 (SPX—(SP)-l 1 

1 

1 

2 

1 

1 1 

1 

1 

1 1 1 1 1 1 1 |(PCX—((SP)) 1 


1 


1 

1 1 

IRETR 

1 

ll 0 | ol ll ol 0 | 1 | 1 1 (spX--(sp)-i 1 

1 

1 

2 

1 

1 1 

1 

1 

1 1 1 1 1 1 1 |(PCX-((SP)) 1 


1 


1 

1 1 

1 

1 

1 1 1 1 1 1 1 |(PSW4-7X-((SP)) 1 


1 


1 

1 1 


Flag Manipulation Instruction 



Mnemonic 

Instruction Code 

Operation 

1 Bytes 

Cycles 1 

Flaal 

D7|D6|D5|D4|D3|D2 

D1IDO 

1 

1 C 

ACj 


CLR C 

ll 01 01 ll Ol 1 

11 1 

(C)<— 0 

1 1 

I 1 

,0 

_ 1 


CPL C 

11 Ol ll Ol Ol 1 

11 1 

(CX—NOT(C) 

1 1 

I 1 

0 



CLR FO 1 

ll Ol Ol Ol Ol 1 

Ol 1 

(FOX— 0 

1 1 

I 1 

- 

“ 1 


CPL FO 

ll Ol Ol ll Ol 1 

Ol 11 (FOX—NOT(FO) 

1 1 

I 1 

- 

-1 


CLR FI 

ll Ol 11 Ol Ol 1 

Ol ll (FIX— 0 

1 1 

I 1 

- i 

1 -1 


CPL FI 

ll Ol ll ll Ol 1 

0| ll (FIX—NOT(Fl) 

1 1 

I 1 


1 -1 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8049PI-6, TMP8039PI-6 


Data Transfer Instruction 


1 Mnemonic | 

Instruction Code 

1 Operation 

1 Bytes 

1 

1 Cycles 

1 

1 FlagI 

1 1 

D7lD6| 

D5|D4|D3|D2|D1iDOl 

1 Cl 

ACl 

IMOV A, Rr 1 

1| 1| 

11 11 11 r| r| 

r 1 (A)<— (Rr) 

1 1 

T 

1 

1 “ 

- 1 

1 1 

1 1 

1 1 1 1 1 

1 r = 0 - 7 

1 

1 


1 “ 1 

- 1 

iMOV A, @Rr 1 

1 1 1 1 

ll ll 01 Ol Ol 

r|(A)<— ((Rr)) 

1 1 

1 

1 

j -1 

- i 

1 1 

1 1 

1 1 1 1 1 

1 r = 0, 1 

1 

1 


1 1 


|MOV A, #Datal 

0| 0| 

ll 01 01 Ol ll 

1 1 (A)<—Data 

1 2 

1 

2 

1 “ 1 

~ 1 

1 

d7ld6| 

d5ld4ld3|d2|dl|d0| 

1 

1 


1 1 


iMOV Rr,'A 1 

1| 01 

ll 01 11 r| r| 

rl(Rr)<--(A) 

1 1 

1 

1 

1 “ 1 

- 1 

1 1 

1 1 

1 1 1 1 1 

1 r = 0 - 7 

1 

1 


1 1 


|MOV(aRr,A ! 

1| 01 

H ol ol ol ol 

rl ((Rr))<-(A) 

1 1 

1 

1 

1 - 1 

- 1 

1 1 

1 1 

1 1 1 1 1 

1 r = 0, 1 

1 

1 


1 1 


|MOV Rr,#Data| 

11 01 

ll ll ll r| r| 

r 1 (Rr)<—Data 

1 2 

1 

2 

1 - 1 

- j 

1 1 

d7ld6l 

d5ld4|d3|d2|dlIdol r = 0 - 7 

1 

1 


1 1 


lMOV@Rr,#Data| 

1| 01 

ll ll Ol Ol Ol 

r1((Rr))< — Data 

1 2 

1 

2 

1 -1 

“1 

1 1 

a7la6l 

a5 1 a4 1 a3 1 a2 1 al I aO 1 r = 0, 1 

1 

1 


1 1 


[MOV A,PSW 1 

1| ll 

ol ol ol ll ll 

ll(A)<— (PSW) 

1 1 

1 

1 

1 - 1 

- 1 

iMOV PSW, A 1 

1| ll 

ol ll ol ll ll 

li (PSW)<—(A) 

1 1 

1 

1 

1 -i 

-i 

IXCH A, Rr ! 

I 1 

01 o! 

1 I 

ll 01 ll rl r| 

1 1 1 1 1 

r| (A)—>(Rr) 

1 / 

1 1 

1 

1 

1 

1 1 

- 1 

1 1 

1 1 

1 1 

1 1 

1 1 1 1 1 

1 1 1 1 1 

1 r = 0 - 7 

i 

1 

1 

1 


1 I 

1 1 


IXCH A,@Rr 1 

I j 

01 oi 

! i 

ll Ol Ol ol ol 

1 1 1 1 1 

rl (A)—>((Rr)) 

j ^ 

1 1 

I 

1 

1 

1 

1 ! 

1 

1 t 

1 i 

1 t 

III!! 

1 1 1 1 1 

i r = 0, 1 

i 

1 

1 

1 


1 ! 

I 

iXCHD A,@Rr i 

oi oi 

1 1 11 01 01 01 

ri (AO-3)-->((RrO-3); 

» 1 1 

! 

1 

i - 1 

- j 

1 1 

1 1 

1 1 1 1 1 

1 < — 

1 

i 


1 1 


1 1 

1 1 

1 1 1 1 1 

1 r = 0, 1 

1 

1 


1 1 


IMOVX A,@Rr | 

1| ol 

ol ol ol ol ol 

rl (A)<—((Rr)) 

1 1 

1 

2 

1 -1 

- j 

1 1 

i 1 

1 1 1 1 1 

1 r = 0, 1 

1 

1 


1 1 


iMOVX @Rr,A | 

ll ol 

ol ll ol ol ol 

rl ((Rr))<—(A) 

1 1 

1 

2 

1 -1 

-i 

1 1 

i 1 

1 1 1 1 1 

1 r = 0, 1 

1 

1 


1 1 


IMOVP A, @A 1 

li ol 

ll ol ol ol li 

ll (PC0-7)<--(A) 

1 1 

i 

2 

1 -1 

-1 

1 1 

1 1 

1 1 1 1 1 

1 (A)<—((PC)) 

1 

1 


1 1 


IMOVP3 A,@A 1 

ll ll 

ll oi ol ol ll 

11 (PC0-7)<—(A) 

1 1 

1 

2 

1 - 1 

- 1 

1 1 

1 1 

1 1 1 1 1 

1 (PC8-11)<—0011 

1 

I 


1 1 


1 1 

1 1 

1 1 1 1 1 

1 (A)<—((PC)) 

1 

1 


1 1 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8049PI-6, TMP8039PI-6 


Timer/Counter Instruction 


Mnemonic 

1 Instruction Code 


1 

Bytes 

1 

Cycles 1 

Flagl 


1 D7lD6|D5lD4|D3| 

D2i 

D1iDOl 


1 


r 

Cl ACl 

MOV A,T 

1 01 1| 01 01 01 

ol 

1! 

ol (A)<—(T) 

1 

T 

1 

T 

“1 -1 

MOV T,A 

1 01 11 11 01 01 

ol 

11 

Ol (T)<—(A) 

1 

1 

1 

1 

“1 “1 

STRT T 

1 01 11 01 11 01 

1 1 1 1 1 1 

1 1 1 1 1 1 

11 

1 

1 

o| 

1 

1 

1 1 Counting is 

1 started in the 

1timer mode 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 

1 i 

STRT CNT 

1 01 11 01 01 01 

1 1 1 1 1 1 

ll 

1 

01 

1 

1 1 Counting is 

1 started in the 

1 

1 

1 

1 

1 

1 

1 1 


1 1 1 1 1 1 

1 11111 

1 

1 

1 

1 

1 event counter 

1 mode 

1 

1 

1 

1 

1 

1 

1 1 

STOP TCNT 

1 01 11 11 01 01 

1 11111 

1 1 1 1 1 1 

ll 

1 

1 

Ol 

1 

1 

1 1 Stop both time 

1 accumulation and 

1 event counting 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 

1 1 

EN TCNTl 

1 ol 01 11 01 01 

1 1 1 1 1 1 

11 

1 

ol 

1 

llTimer interrupt 
|is enabled 

1 

1 

1 

1 

1 

1 

1 1 

DIS TCNTl 

1 ol ol 11 11 01 

11 

Ol 

llTimer interrupt 
|is disabled 

1 

1 

1 

1 

1 

1 

1 1 


Control Instruction 


i Mnemonic | Instruction Code _! Operation iBytes |Cycles| Flag I 

!_1 D7!D6!D5!D4lD3!D2iDl jPOi_ 1 _!_! C AC ! 


EN I 

1 0! 

oi 

Oi 

0! 

01 

11 

o; 

liExternal interrupt 

1 1 

1 

~ - i 


1 1 

! 

j 

1 

1 

j 

1 

! is enabled 

1 


j 

DIS I 

1 Ol 

0! 

oi 

1! 

01 

1! 

oi 

liExternal interrupt 

1 1 

1 

_ _ j 


1 1 

1 

1 


1 

1 

1 

1 is disabled 

1 



SEE RBO 

1 ll 

11 

01 

°1 

ol 

11 

ol 

11 (BSX— 0 

1 1 

1 


SEE RBI 

1 11 

ll 

ol 

ll 

ol 

ll 

ol 

ll (BSX— 1 

1 1 

1 

- -1 

SEE MBO 

1 1! 

ll 

11 

ol 

01 

ll 

ol 

1 1 (DBF)<— 0 

1 1 

1 i 

1 - -1 

SEE MBl 

1 ll 

ll 

ll 

ll 

ol 

11 

ol 

1 1 (DBF)<— 1 

1 1 

1 1 

1 - -1 

ENTO CEK 

1 01 

ll 

11 

11 

ol 

ll 

01 

llTO is enabled to 

1 i 

1 

I - -I 


1 1 

1 

1 

1 

1 

1 

1 

lact as the clock ! 

1 


1 1 


1 1 

1 

1 

1 

1 

1 

i 

1 output 

1 


1 1 

NOP 

1 01 

ol 

ol 

ol 

ol 

01 

0! 

01 No operation 

1 1 

1 

1 - -1 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8049PI-6, TMP8039PI-6 


ITMP8Q49PI/8039PI: INDUSTRIAL SPECIFICATION! 


ABSOLUTE MAXIMUM RATTINGS 


1 SYMBOL I 

1 ITEM 


1 RATTING 1 

i VDD 

VDD Supply Voltage (with respect 

to GND (VSS)) 

1-0.5V to + 7V 1 

1 VCC 

VCC Supply Voltage (with respect 

to GND (VSS)) 

1-0.5V to 4- 7V 1 

Ivina I 

Input Voltage (Except EA) 


1-0.5V to + 7V 1 

IVINB ! 

Input Voltage (Only EA) 


1-0.5V to + 13V 1 

IPD 1 

Power Dissipation (Ta = 70*C) 


1 T75W 1 

ITSOLDER I 

Soldering Temperature (Soldering 

Time 10 sec) 

1 260-C 1 

ITSTG 1 

Storage Temperature 


1-55*C to 150*C 1 

ITOPR 1 

Operating Temperature 


|-40*C to 85'C 1 


DC CHARACTE RISTICS _ 

| TA=-40*C to 85*C |, VCC=VDD=+5V±10%, VSS=0V, Unless Otherwise Noted. 


1 SYMBOL 

1 PARAMETER 

[TEST CONDITIONS 

[MIN.[TYP 

[MAX.[ 

UNIT [ 

1 VIL 

1 Input Low Voltage 

1 (Except XTAL1,XTAL2,RESET) 

i 

1 

1-0.51 

— 

1 0.71 

1 1 

V [ 

1 VILl 

1 Input Low Voltage 
! (XTALl,XTAL2,RESET) 

1 

1 

[-0.51 

— 

1 0.61 

1 1 

V I 

1 VIH 

1 Input High Voltage 
! (Except XTALl,XTAL2,RESET) 

1 

1 

1 2.21 

1 i 

— 

1 vcci 

! [ 

V 1 

i VIHl 

[Input High Voltage 

1 (XTALl ,XTAL2,RESET) 

1 

i 

1 3.8! 

1 i 

— 

1 VCC! 

1 1 

V [ 

1 VOL 

[Output Low Voltage (BUS) 

[ lOL = 1.6 mA 

1 - i 

- 

[0.451 

V 1 

1 VOLl 

[Output Low Voltage 
[(RD, WR, PSEN, ALE) 

1 lOL = 1.6 mA 

1 

1 1 

— 

10.451 

1 1 

V 1 

VOL 2 

[Output Low Voltage (PROG) 

1 lOL = 0.8 mA 

[ - 1 

- 

[0.45! 

V ' 1 

1 VOL3 

[Output Low Voltage 

1 (For other output pins) 

1 lOL = 1.2 mA 

1 

1 1 

— 

10.451 

1 1 

V [ 

Ivor 

[Output High Voltage (BUS) 

[ lOH =-280uA 

1 2.4[ 

- 

1 - 1 

V 1 

1 VOHl 

[Output High Voltage 
|(RD, WR, PSEN, ALE) 

1 IOH =-80uA 

1 

1 2.41 

1 1 

— 

1 1 

V 1 

1 V0H2 

[Output High Voltage 
[ (For other output pins) 

1 lOH =-30uA 

1 

1 2.41 

1 1 

— 

1 1 

V 

llLI 

[ _ 

[Input Leak Current (Tl, INT) 

1 

1 

[VSS < VIN < VCC 

1 

1 1 

1 1 

- 

1 1 

1 ±101 
i 1 

UA [ 

IlLIl 

[Input Leak Current 

1 (PlO-17 , P20-P27 , EA, SS) 

1VSS+0.45<VIN<VCC 

1 1 

— 

I-700 I 

I I 

UA 1 

ilLO 

[Output Leak Current (BUS, TO) 

1(High impedance condition) 

1VSS+0.A5<VIN<VCC 
1 

T -“[■ 

1 1 

— 

I ±10| 

I I 

UA [ 

1 IDD 

1 VDD Supply Current 

[ 

1 - 1 

- 

I 50| 

mA 1 

1IDD+ICC 

[Total Supply Current 

1 

1 - i 

- 

I 170! 

mA 1 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8049PI-6, TMP8039PI-6 


AC CHARACTE RISTICS _ 

| TA=-40‘C to 85 *C |, VCC=VDD=+5V±10%, VSS=0V, Unless Otherwise Noted. 


1 SYMBOL 

1 PARAMETER |TEST CONDITIONS 


MIN. 1 

TYP. 

MAX. I 

UNITl 

1 tLL 

lALE Pulse Width 1 


2001 

- 

1 

ns 1 

1 tAL 

lAddress Setup Time (ALE) I 


1201 

- 

- 1 

ns 1 

1 tLA 

1 Address Hold time (ALE) I 

1 

801 


1 

ns I 

1 tcc 

1 _ 1 

1 Control Pulse Width (PSEN,RD ,WR) | 

1 

r 

AOOl 


1 

ns 1 

1 tDW 

---^ 

iData Setup Time (WR) | 

n 

1 

4201 


- 1 

ns 1 

1 tWD 

_ ^ 

iData Hold Time (WR) | 

1 

1 

80 1 

_ 

1 

- 1 

ns 1 

1 tCY 

1 Cycle Time 1 


2.51 

- 

15.01 

US 1 

1 tDR 

iData Hold Time (PSEN,RD) 1 CL = 20 pF 


1 

o| 

_ 

2001 

ns I 

1 tRD 

1 1 
iData Input Read Time (PSEN, RD)| 


1 

_ 

1 

4001 

ns I 

1 tAW 

1 _ 1 
iAddress Setup Time (WR) | 


i 

230 1 

_ 

_ 

ns I 

1 tAD 

lAddress Setup Time (Data Input)! 


i “ ! 

- 

6001 

ns I 

1 tAFC 

1 1 
lAddress Float Time (RD, PSEN) 1 

j 

1 1 
! -401 

_ 

r 

ns 1 

1 tCA 

1 Internal between Control Pulse 1 


! 101 

- 

- 1 

ns I 


!and ALE 1 



1 



i tCP 

iPort Control Setup Time (PROG) I 

j 

i 1151 

~ i 

- I 

ns 1 

i tPC 

iPort Control Hold Time (PROG) i 


65 1 

- i 

- i 

ns 1 

j tPR 

iPort 2 Input Data Set Time 1 


_ j 

i 

8601 

ns 1 


1 (PROG) 1 


1 i 


1 1 


1 tDP 

I Output Data Setup Time (PROG) | 


2301 

- 

- 1 

ns 1 

1 tPD 

[Output Data Hold Time (PROG) | 


25 1 

- 

- 1 

ns 1 

1 tPF 

iPort 2 Input Data Hold Time 1 


1 01 

- 

1601 

ns 1 


1 (PROG) 1 




1 


1 tPP 

IPROG Pulse Width | 


9201 

- 1 

- 1 

ns 1 

i tPL 

iPort 2 I/O Data Setup Time 1 


3001 

1 

- j 

ns 1 

1 tLP 

[Port 2 I/O Data Hold Time i 


1201 

- 1 

i - 1 

ns 1 


Note :tCY=2.5us, Control Output: CL=80pF, BUS Output: CL=150pF, PORT20-23: 
CL=80pF. 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8049PI-6, TMP8039PI-6 


TIMING WAVEFORM 

A. Instruction Fetch from External Program Memory 



B. Reed from External Data Memory 


ALE / 

\ ) 



^_ J 



RD 

\ 

•^AFC 

k 

1 






1 



W///d 



Data 

#( 

Address ^ 

1 

tAD 

tRD 




C. Write into External Data Memory 


ALE / 

"A_/ 

\ 


" 

rt 

O 

O 

--I 

— 

^CA 

WR 


1 *^DW 

— 

■It 



HH 



Address^^ 

•^AW 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8049PI-6, TMP8039PI-6 


PROGRAM TAPE FORMAT 

TMP8049 programs are delivered in the form of paper tape with the following 
format and it is required to attach the tape list. The format of paper tape 
is same as the Intel type object tape (hexadecimal tape output by Intel MBS 
system, PROMPT 48 Development Tool, etc.) 


( i T apeForma t 


Comments 


Tcr) 

. (LF) 













Tcr) 

_ ilF) 



(CK) 

(LF) 


I Leader, 50 "NULL" characters or more 

Comment (Record mark is not included) 


Option 


- Record Mark 

Record Length (2 hexadecimal digits) 
Loading Address (4 hexadecimal digits) 


"00" .... Normal Record 

Record Type (2 Digits) ..oi- .... End of File Record 
Data 


Check Sum (2 hexadecimal digits) 

Dummy characters (RL^OIT, BLANK) before and after "(CR)(LF)" are 
optional. 

Record Mark (Repeated belov) 


Trailer, 50 "NULL" characters or more 


(2) Example of Tape List 
TOSHIBA MICRO COMPUTER TLCS-48 
100000000665C7D79CF50F3F951FED55A8FF16E570 
1000100088884DDE67D31F5D8ABA6DF292F113F5C1 
100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 
10003000197352F729F12F79AA9C057C5B851EED77 


1003C0005DFDB5E556A67277F61A51C631CF9FOE80 

1003D000BD2F6F20E8BB1977E3FB5AD1F41FDAA7E2 

1O03E000B53D42E0EC32546025B7308CDD52O63D1D 

1003F000B4BE9E9E345B6138060B20VC372BF60BD6 

OOOOOOOIFF 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8243P/TMP8243PI 


INPUT/OUTPUT EXPANDER 
GENERAL DESCRIPTION 

The TMP8243P is an input/outpuL expander designed specifically to provide a low 
cost means of 1/0 expansion for the TLCS-84 family. 

The I/O ports of the TMP8243P serve as a direct extension of the resident I/O 
facilities of the TLCS-84 microcomputers and are accessed by their own MOVD, 
ANLD, and ORLD instructions. 


FEATURES 

o Low cost 

o Simple interface to TLCS-84 microcomputers 
o Four 4-bit I/O ports 
o AND and OR directly to ports 
o Single 5V supply 
o High output drive 

o Direct extension of resident TMP8048P/TMP8049P I/O ports, 
o Compatible with intel’s 8243 

o -40°C to +85°C Operation (TMP8243PI: Industrial Specification) 

PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM 


Pto Z ] 
14: Co 

i 4?; C 
14:C- 
Ol C l. 
FROG C 7 
P 23 C B 
C ^ 

I’gi C 1C 

P 2 cC 11 
gnpC r- 


24 2 VCO 

23 II P5I 
2^: 2 P52 
21D Ptc 

II PcC 

II Pci 

□ I>62 

□ Pd 3 
3 P73 

15 D 1^2 
14 H R71 

igII 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8243P/TMP8243PI 


PIN NAMES AND PIN DESCRIPTION 

PROG (Input) 

Clock Input. A high to low transistion on PROG signifies that address and 
control are available on P20-23, and a low to high transition signifies that 
data is available on P20-23. 

CS (Input) 

Chip Select Input. A high on CS inhibits any change of output or internal 
status. 

P20-23 (]nput/Output, 3-state) 

Four (4) bit bi-directional port contains the address and control bits on a 
high to low transition of PROG. During a low to high transition contains the 
data for a selected output port if a write oepration, or the data from a 
selected port before the low to high transition if a read operation. 

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state) 

Four (4) bit bi-directional I/O ports. May be programmed to be input (during 
read), low impedance latched output (after write) or a 3-state (after read). 
Data on pins P20-23 may be directly written, ANDed or ORed with previous data. 

Vcc (Power) 

+5 volt supply 

GND (Power) 

0 volt supply 

FUNCTIONAL DESCRIPTION 

General Operation 

The TMP8243P contains four 4-bit I/O ports which serve as an extension of the 
on-chip 1/0 and are addressed as ports 4-7. The following operations may be 
performed on these ports. 

o Transfer accumulator to port 
o Transfer port to accumulator 
o AND accumulator to port 
o OR accumulator to port 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMn243P/TMPS243PI 


All communication between the TMP8048P and the TMP8243P occurs over Port 2 
(P20-23) with timing provided by an output pulse on the PROG pin of the pro¬ 
cessor. Each transfer consists of two 4-bit nibbles. 

A high to low transition of the PROG line indicates that address is present 
while a low to high transition indicates the presence of data. Additional 
TMP8243P’S may be added to the 4-bit bus and chip selected using additional 
output lines from the TMP8048P/8035P. 

Power On Initialization 

Initial application of power to the device forces input/output ports 4, 5, 6, 
and 7 to the tri-state and port 2 to the input mode. The PROG pin may be either 
high or low when power is applied. The first high to low transition of PROG 
causes device to exit power on mode. The power on sequence is initiated if V^C 
drops below IV. 


P21 

P20 

Address 

Code 

P23 

P22 

Instruction Code 

0 

0 

Port 

4 

0 

0 

Read 

0 

1 

Port 

5 

0 

1 

Write 

1 

0 

Port 

6 

1 

0 

ORLD 

1 

1 

Port 

7 

1 

1 

ANLD 


Write Modes 

The device has three write modes. MOVD Pi, A directly writes new data into the 
selected port and old data is lost. ORLD Pi, A takes new data, OR’s it with 
the old data and then writes it to the port. ANLD Pi, A takes new data AND’s 
it with the old data and then writes it to the port. Operation code and port 
address are latched from the input port 2 on the high to low transition of the 
PROG pin. On the low to high transition of PROG data on port 2 is transferred 
to the logic block of the specified output port. 

After the logic manipulation is performed, the data is latched and outputed. 

The old data remains latched until new valid outputs are entered. 
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integrated circuit 

TOSHIBA 


TECHNICAL DATA 

TMP8243P/TMP8243PI 


Read Mode 

The device has one read mode. The oporation code and port address are latched 
from the input port 2 on the high to low transition of the PROG pin. As soon 
as the read operation and port address are decoded, the appropriate outputs are 
3-stated, and the input buffers switched on. The read operation is terminated 
by a low to high transition of the PROG pin. The port (4, 5, 6 or 7) that was 
selected is switched to the 3-stated mode while port 2 is returned to the 
input mode. 

Normally, a port will be in an output (write mode) or input (read mode). If 
modes are changed during operation, the first read following a write should be 
ignored; all following reads are valid. This is to allow the external driver 
on the port to settle after the first read instruction removes the low impedance 
drive from the TMP8243P output. A read of any port will leave that port in a 
high impedance state. 


< 

B 


H 

2 

W 

2 

CJ 


2 

tH 

00 


<: 

H 

o 

H 



MAXIMUM SINK CURRENT ON ANY PIN@.45V 
MAXIMUM loL WORST CASE PIN(mA) 
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integrated circuit 


TOSHIBA 

— 

TECHNICAL DATA 

TMP8243P/TMP8243PI 


Sink Capability 

The TMP8243P can sink 5 mA{3.45V on each of its 16 I/O lines simultaneously. 

If, however, all lines are not sinking simultaneously or all lines are not fully 
loaded, the drive capability of any individual line increases as is shown by 
the accompanying curve. 

For example, if only 5 of the 16 lines are to sink current at one time, the 
curve shows that each of those 5 lines is capable of sinking 9 mA@.45V (if any 
lines are to sink 9 mA the total lOL must not exceed 45 mA or five 9 mA loads). 

Example: How many pins can drive 5 TTL loads (1.6 mA) assuming remaining pins 

are unloaded? 

lOL = -5 X 1.6mA = 8niA 
cIOL = 60 mA from curve 
#pins = 60 mJ^ -f 8 mA/pin = 7.5 = 7 

In this case, 7 lines can sink 8 mA for a total of 56 mA. This leaves 

4 mA sink current capability which can be divided in any way among the 
remaining 9 I/O lines of the TMP8243P. 

Example: This examples shows now the use of the 20 mA sink capability of port 

7 affects the sinking capability of the other I/O lines. 

An TMP8243P will drive the following loads simultaneously. 

2 loads - 20 mA@lV (port 7 only) 

8 loads - 4 mA@.45V 

6 loads - 3.2 mA@.45V 

Is this within the specified limits? 

tIOL = (2 X 20) -f (8 X 4) -I- (6 x 3.2) = 91.2 mA. From the curve: 

for Iql ” ^ £l0L = 93 mA since 91.2 mA < 93 mA the loads are 

within specified limits. 

Although the 20 mA@ IV load are used in calculating el0L> It is the 
largest current required @.45V which determines the maximum allow¬ 
able cIOL- 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP8243P/TMP8243PI 


rfiMP8243P| 

ABSOLUTE MAXIMUM RATINGS 


Symbol 

Item 

Rating 


Supply Voltage with Respect to GND 

-0. 5V to +7.Ov 

ViN 

Input Voltage with Respect to GND 

-0.5V to 47.0V 

VOUT 

Output Voltage with Respect to GND 

-0.5V to +7.0V 

Pd 

Power Dissipation 

800mW 

^ SOI DER 

Soldering Temperature (Soldering Time 10 sec.) 

260°C 

'^STG 

Storage Temperature 

-55°C to 4150°C 

'^OPR 

Operating Temperature 

0°C to 470°C 


D.C. CHARACTERISTICS Ta = 0°C to lO^C, Vcc = 5V ± lu% 


Symbol 

Parameter 

Test Condition 

Min. 

Typ. 

Max. 

Units 

VlL 

Input Low Voltage 


-0.5 


CO 

o 

V 

VlH 

Input High Voltage 


2.0 


Ve+0.5 

V 

VOLl 

Output Low Voltage Ports 4-7 

lOL = 5inA* 



0.45 

V 

VoL2 

Output Low Voltage Port 7 

lOL = 20mA 



1 

V 

^OL3 

Output Low Voltage Port 2. 

^OL=0. 6TrL\ 



0.45 

V 

^'OHI 1 Output High Voltage Ports 4-7 

1oh=-240,.A 

2.4 

. 



V 

V)!:2 

Output High Voltage Port 2 

^OH=-100.A 

2.4 




Hu 

Input Leakage Port 4-7 

OVLVinLVcc 

-10 


20 

i-A 

^IL2 

Input Leadage Port 2, CS, PROG 

OVLVipiLVcc 

-10 


10 

;iA 

^CC 

"^'CC Supply Gurrent 



10 

20 

mA 

lOL 

Sum of all lOp of 15 Outputs 

5 mA Each Pin 



80 

mA 


* See following graph for additional sink current capability 

A,C. CHARACTERISTICS Ta = 0°C to 70°C, Vcc = 5V ± 10% 


Symbol 

Parameter 

Test Condition 

Min. 

Typ. 

Max. 

Units 

tA 

Code Valid Before PROG 

^‘L = 80pF 

100 



ns 

tB 

Code Valid After PROG 

<^L = 20pF 

60 



ns 

tc 

Data Valid Before PROG 

Cl, = 80pF 

200 



ns 

tD 

Data Valid After PROG 

^L = 20pF 

20 



ns 

tH 

Floating After PROG 

^'L = 20pF 

0 


150 

ns 

tK 

PROG Negative Pulse Width 


700 



ns 

tcs 

CS Valid Before/After PROG 


50 



ns 

tpo 

Ports 4~7 Valid After PROG 

= lOOpF 



700 

ns 

t-LPl 

Ports 4-7 Valid Before/After PROG 


100 



ns 

tACC 

Port 2 Valid After PROG 

^'L = 80pF 



650 

ns 
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TMP8243PI : INDUSTRIAL SPECIFICATION 


ABSOLUTE MAXIMUM RATINGS 


SymboJ 

I tein 

Rating 

Vcc 

Supplv Voltage wit1i Respect te CtND 

-0.5V to +7.0V 


Input \'oltage wltli Respect tco CNl) 

-0.5V to +7.0V 


Output Voltage with Respect to ONI) 

-0.5V to +7.0V 

Td 

Power Dissipation 

800mW 

^’SOI.DFR 

Soldering Temperature (Soldering Time 10 sec.) 

260°C 

^STG 

Storage Temperature 

-55^0 to +150°C 

'^OPR 

Operating Temperature 

-A0°C to +85°C 


D.C. CHARACTERISTICS TA=-40'’C to 85°C, Vpc=5V--t]nT 


Symbol 

Parameter 

Test Condition 

Min. 

Typ. 

Max. 

BQI 

ViL 

Input Low Voltage 


-0.5 


0.8 

HH 

ViH 

Input High Voltage 


2.0 


Vcc+0.5 

V 

^^OLl 

Outptu Low Voltage Ports 4-7 

^OL=4.5mA 



0. 45 

V 

^’ol2 

Output Low Voltage Port 7 

IOL=20m\ 


i 1 

V 

^0L3 

Output Low Voltage Port 2 

^OL=0. 6mr\ 



0. 45 


VoHl 

Output High Voltage Ports 4-7 

^OH=-240|,A 

2.4 



V 

V0H2 

Output High Voltage Port 2 

IoH=-100l.A 

2.4 




^ILl 

Input Leakage Ports 4-7 

OViViN^Vcc 

-10 


20 

t A 

TiL2 

Input Leakage Port 2, CS,PR0G 

OVSVjnSVcc 

-10 


10 

|iA 

^CC 

Vcc Supply Current 



10 

20 

mA 

^OL 

Sum of all Iqp of 16 outputs 

4.5m/'i each pin 

_i 


72 

mA 


See following graph for additional sink current capability 


A.C. CHARACTERISTICS TA=-40°C to 85°C, Vf^^=5\J±10% 


Symbol 

Parameter 

Test Condition 

Min. 

Typ. 

Max. 

Units 

tA 

Code Valid before PROG 

Cl = 80pF 

100 



ns 

tB 

Code Valid after PROG 

Cr = 20pF 

60 


j 

ns 


Data Valid before PROG 

a 

o 

00 

II 

200 



ns 

tD 

Data Valid after PROG 

Cr = 20pF 

20 



ns 

tH 

Floating after PROG 

Cr = 20pF 

0 


150 

ns 

tK 

PROG Negative Pulse Width 


700 



ns 

tcs 

CS Valid before/after PROG 


50 



ns 

tpo 

Ports 4-7 Valid after PROG 

Cr = lOOpF 



700 

ns 

^LPl 

Ports 4-7 Vali d before/after PROG 


100 



ns 

^ACC 

Port 2 Valid after PROG 

Cr = 80pF 



650 

ns 
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INPUT/OUTPUT EXPANDER 
GENERAL DESCRIPTION 

The TMP82C43P is an input/oiitput expander designed specifically to provide 
a low cost means of I/O expansion for the TLCS-84C family. 

The I/O ports of the TMP82C43P serve as a direct extension of the resident 
I/O facilities of the TLCS-84C microcomputers and are accessed by their own 
MOVD, ANLD, and ORLD instructions. 

FEATURES 

o CMOS LSI for low pov;er dissipation 
° Low cost 

o Simple interface to TLCS-84C microcomputers 
o Four 4-bit I/O ports 
o AND and OR directly to ports 
° Single 5V supply 
° High output drive 

° Direct extension of resident TMP80C49P-6 I/O ports, 
o PIN compatible with intel’s 8243 

° Extended operation temperature range -40°C to 85°C 


PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C43P 


PIN NAMES AND PIN DESCRIPTION 

PROG (Input) 

Clock input. A high to low transistion on PROG signifies that address and 
control are available on P20-23, and a low to high transition signifies 
that data is available on P20-23. 

CS (Input) 

Chip Select Input. A high on CS inhibits any change of output or internal 
status. 

P20-23 (Input/Output, 3-state) 

Four (4) bit bi-directional port contains the address and control bits on a 
high to low transition of PROG. During a low to high transition contains 
the data for a selected output port if a write operation, or the data from 
a selected port before the low to high transition if a read operation. 

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state) 

Four (4) bit bi-directional I/O ports. May be programmed to be input (during 
read), low impedance latched output (after write) or a 3-state (after read). 
Data on pins P20-23 may be directly written, ANDed or ORed with previous data. 

Vqq (Power) 

+5 volt supply 

GND (Power) 

0 volt supply 

FUNCTIONAL DESCRIPTION 

General Operation 

The TMP82C43P contains four 4-bit I/O ports which serve as an extension of 
the on-chip I/O and are addressed as ports 4-7. The following operations 
may be performed on these ports. 

o Transfer accumulator to port 
o Transfer port to accumulator 
o AND accumulator to port 
o OR accumulator to port 
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All communication between the microcomputer (TMP80C49P-6) and the TMP82C43P 
occurs over Port 2 (P20-23) with timing provided by an output pulse on the 
PROG pin of tlie processor. Each transfer consists of two 4-bit nibbles. 

A high to low transition of the PROG line indicates that address is present 
while a low to high transition indicates the presence of data. Additional 
TMP82C43P’s may be added to the 4-bit bus and chip selected using additional 
output lines from the microcomputer. 

Power On Initialization 

Initial application of power to the device forces input/output ports 4, 5, 

6, and 7 to the tri-state and port 2 to the input mode. The PROG pin may be 
either high or low when power is applied. The first high to low transition 
of PROG causes device to exit power on mode. The power on sequence is ini¬ 
tiated if Vqq drops below IV. 


P21 

P20 

Address 

Code 

P23 

P22 

Instruction Code 

0 

0 

Port 

4 

0 

0 

Read 

0 

1 

Port 

5 

0 

1 

Write 

1 

0 

Port 

6 

1 

0 

ORLD 

1 

1 

Port 

7 

1 

1 

ANLD 


Write Modes 

The device has three write modes. MOVD Pi, A directly writes new data into 
the selected port and old data is lost. ORLD Pi, A takes new data, OR’s it 
with the old data and then writes it to the port. ANLD Pi, A takes new data 
AND’s it with the old data and then writes it to the port. Operation code 
and port address are latched from the input port 2 on the high to low transi¬ 
tion of the PROG pin. On the low to high transition of PROG data on port 2 
is transferred to the logic block of the specified output port. 

After the logic manipulation is performed, the data is latched and outputed. 

T’ M data remains latched until new valid outputs are entered. 
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Read Mode 

The device has one read mode. The operation code and port address are 
latched from the input port 2 on the high to low transition of the PROG 
pin. As soon as the read operation and port address are decoded, the 
appropriate outputs are 3-stated, and the input buffers switched on. 

The read operation is terminated by a low to high transition of the 
PROG pin. The port (4, 5, 6 or 7) that was selected is switched to the 
3-stated mode while port 2 is returned to the input mode. 

Normally, a port w^ill be in an output (write mode) or input (read* mode) 
If modes are changed during operation, the first read follow^ing a write 
should be ignored; all following reads are valid. This is to allow the 
external driver on the port to settle after the first read instruction 
removes the low impedance drive from the TMP82C43P output. A read of 
any port will leave that port in a high impedance state. 
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TMP8243P 

ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vcc 

VqC Supply Voltage with Respect to GND 

-0.5V to +7.0V 

ViN 

Input Voltage with Respect to GND 

-0.5V to V(nc+0.5V 

VqUT 

Output Voltage with Respect to GND 

-0.5V to Vcc+0.5V 

I’d 

Power Dissipation 

250mW 

I’SOLDER 

Soldering Temperature (soldering Time 10 sec.) 

260°C 

^STG 

Storage Temperature 

-65°C to +150”C 

Tqpr 

j 

Operating Temperature 

-40°C to +85°G 


D.C. CHARACTERISTICS (I) TopR—AO'C SS^C, Vcc=5V±]0%, Vgs^OV 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNITS 

ViL 

Input Low Voltage 


-0.5 


0.8 

V 

'^'iH 

Input High Voltage 


2.2 



V 

VOLI 

Output Low Voltage Ports 4-7 

^OL=5mA 



0.45 

V 

^OL2 

Output Low Voltage Port 7 

^OL=20mA 



1.0 

V 

V0L3 

Output Low Voltage Port 2 

101^=0. 8mA 



0.45 

V 

%I11 

Output High Voltage Ports 4-7 

IOH=”l-2niA 

2.4 



V 

-n 

c 

o 

Output High Voltage Port 2 

IoH~“U* 6mA 

2.4 



V 

VqH] 2 

Output High Voltage Ports 4-7 

IOH““^ • 

Vcc-0.8 



V 

V0H22 

Output High Voltage Port 2 

IoH=-0.3mA 

Vcc-0. 8 



V 

IlLl 

Input Leakage Port 4-7 

^SS-’^IN-'^CC 



±10 

yA 

^IL2 

Input Leakage Port 2, CS,PROG 

^SS-’^IN-^CC 



±10 

UA 

Iccl 

Power Supply Current (1) 

VcC=5V,Vil=0.2V 
Vi„=Vcc-0.2V 
PROG PERT0D=5pS 



2 

mA 

^CC2 

Power Supply Current (2) 

VcC=5V,ViL=0.2Vi 
VTH=Vrr-0.2V 
PROG=Vcc-0.2V 



1C 

pA 

^OL 

_-_J 

Sum of all IqL of 16 Outputs 

5mA Each pin 


i_- 

80 

mA 


— 777 — 


















TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP82C43P 


D.C. CHARACTERISTICS (I) TopR=-AO‘’C to 85°C, Vcc=5V±20%, Vss=OV 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNITS 

ViL 

Input Low Voltage 

4.0V<Vcc-A.5V 

-0.5 


O.lSVcc 

V 

ViH 

Input High Voltage 

5.5V<V(.c£6.0V 

0.5VCC 


^cc 

V 

VOLI 

Output Low Voltage Ports 4-7 

10L=AmA 



0.45 

V 

^0L2 

Output Low Voltage Port 7 

l0L=15mA 



1.0 

V 

V0L3 

Output Low Voltage Port 2 




0.45 

V 

^01112 

Output High Voltage Ports 4-7 

ToH”“200pA 

Vcc-0.8 



V 

^OH22 

Output High Voltage Port 2 

ioH=-i00yA 

^^CC~0.8 


I 

V 

^OL 

_1 

Sum of all Iql of 16 outputs 

4mA Each Pin j 

_ ^ 

mA 


A.C. CHARACTERISTICS Topj5=-^0°C to SO-C, Vcc=5V±20%, Vss=OV 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNITS 

^A 

Code Valid Before PROG 

CL=80pF 

100 



ns 

^B 

Code Valid After PROG 

CTr'20pF 

60 



ns 

tc 

Data Valid Before PROG 

Cl=80pF 

200 



ns 

tD 

Data Valid After PROG 

Cl=20pF 

20 



ns 

^H 

Floating After PROG 

Cl=20pF 

0 


150 

ns 

"k 

PROG Negative Pulse Width 


700 



ns 

^CS 

CS Valid Before/After PROG 


50 



ns 

tpo 

Ports 4-7 Valid After PROG 

CL=100pF 



700 

ns 

^IP 

Ports 4-7 Valid 


100 



ns 

•^ACC 

Port 2 Valid After PROG 

^L=80pF 



650 

ns 


- 778 - 













TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TIMING WAVEFORM 



TMP82C43P 
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OUTLINE DRAWINGS 


PLASTIC PACKAGE 


Unit in mm 


(Note) 


2^ 22 21 201- IB r, lo 1: 14 12 

-t-1111* it 111^4^ 




L[j ' Ltj ' 4j ' 4j ' Lij ilillij ill lIj ijj lltt R 



Note : Each lead pitch is 2.54mm. All leads are located within 
0.25mm of their true longitudinal position with respect 
to No.l and No.24 leads. 


TMP82C43P 
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APPLICATION SPECIFIC 
STANDARD PRODUCTS (ASSP) 


Super Integrated New CPU Products 


Philosophy 

Toshiba has developed the advanced CMOS VLSI technology needed to integrate a Microprocessor and 
several Peripheral Devices onto a single Monolithic Silicon Die. Using this Super Integration technology 
Toshiba has the capability to define and produce CMOS devices with a particular configuration of CPU 
and Peripheral Devices, which will meet the requirements of specific kinds of applications. The first of 
these APPLICATION SPECIFIC STANDARD PRODUCTS (ASSP) will soon be available. These devices 
offer the user the benefits of lower system cost, greatly reduced PCB size, higher system reliability, 
reduced assembly and test costs, and lower power dissipation. 


ASSP Products 


Type Number 

Function 

No. of 
PIns/Pkg 

Production 

Availability 

TMPZ84C011AF 

Z80 MPU {4Mhz) + CGC + CTC + I/O (8X5) 

100/MFP 

Nov, 86 

TMPZMCOIIAF-e 

Z80 MPU (6Mhz) + CGC + CTC + I/O (8X5) 

100/MFP 

Jan, 87 

TMPZS4C015AF 

Z80 MPU (4Mhz) + CGC + CTC -f PIO + SIO 

100/MFP 

Jan, 87 

TiyiF284€015AF-0 

Z80 MPU (6Mhz) + CGC + CTC + PIO + SIO 

100/MFP 

Jan, 87 

TMFZa4C013AT 

Z80 MPU (4Mhz) -F CGC + CTC + SIO 

84/PLCC 

Feb, 87 

TMFZ84CO10AT-6 

Z80 MPU (6Mhz) + CGC + CTC -f SIO 

84/PLCC 

Feb, 87 


TMPZ84C011AF Block Diagram TMPZ84C013/015 Block Diagram 




TMPZ84C011AF Applications 

• Industrial Control 

• Robotics 

• I/O Intensive Processor 


TMPZ84C013/015 Appllcattorts 

• Modems 

• LAN’s 

• Communications Control Processor 


*Note These devices also have Watchdog Timer Function 
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TMPZ84C011AF/TIIIIPZ84C011AF-6 
CMOS Z80 MICROPROCESSOR 


GENERAL DESCRIPTION 

TMPZ840C011A is a high performance and low power CMOS Z80 microprocessor containing peripheral 
functions such as on-chip clock generator controller (CGC), counter timer circuit (CTC), and five 8-bit 
parallel input/output ports. TMPZ84C011A is fabricated with Toshiba’s MOS technology and molded 
in 100 pin flat package. 

FEATURES 

• Z80® software compatible 

• High speed operation (4/6MHz) 

• On-chip clock generator controller 

• Stand-by control is available. 

• Low power consumption 

Operating power supply current : 15 mA Typ. @ 4MHz 

Power supply current in IDLE mode : 1 mA Typ. @ 4MHz 

Stand-by current : 500 nA Typ. 

• Single power supply : 5V±10% 

• Wide operating temperature range : —40°C to 85 °C 

• Three operation modes 

(1) Run Mode (Normal operation) 

(2) Idle Mode (Only clock generator continues to operate) 

(3) Stop Mode (All operation is stopped : Stand-by state) 

• Five 8-bit ports (can be programmed as input or output for each I/O bit) 

• Four independent 8-bit counter/timer channels 

• On-chip dynamic memory refresh register 

• Three modes of high speed interrupt processing : 8080 similar, non Z-80 peripheral device, and Z80 
family peripheral with or without daisy chain. 

• 100-pin flat package 

• Real-time emulator RTE 80 and emulation board (BM8024) are available. 


Note) Five 8-bit parellel I/O ports do not have daisy chain interrupt function. 
Z80® is a trademark of Zilog Inc. 
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Pin Name 

PIN NAMES AND PIN DESCRIPTION 

No. of Pins Direction Description 

D 0 -D7 

8 

I/O, 3-atate 

8-bit bidirectional data bus 

A 0 -A15 

16 

Output, 3-state 

16-bit address bus 

PAO -PA 7 

8 

I/O, 3-atate 

Port A : Input / Output port 

PBO ~PB 7 

8 

I/O, 3-atate 

Port B : Input / Output port 

PCO -PC 7 

8 

I/O, 3-atate 

Port C : Input / Output port 

PDO -PD7 

8 

I/O, 3-atate 

Port D : Input / Output port 

PEG -PE 7 

8 

I/O, 3-atate 

Port E : Input / Output port 

Ml 

1 

Output, 3-state 

Machine cycle 1 

RD 

1 

Output, 3-state 

Memory read 

WR 

1 

Output, 3-state 

Memory write 

MREQ 

1 

Output, 3-state 

Memory request 

lORQ 

1 

Output, 3-state 

Input / Output request 

WAIT 

1 

Input 

Wait request 

BUSREQ 

1 

Input 

Bus request 

BUSACK 

1 

Output 

Bus acknowledge 

HALT 

1 

Output, 3-state 

HALT 

RFSH 

1 

Output 

Refresh 

EV 

1 

Input 

Input signal for emulator mode. 

TEST 

1 

Input 

When EV Terminal is in high level. Ml and HALT 
output is in high impedance state. When EV terminal 
is high with active BUSREQ, TMPZ84C011A will 
relinquish the internal Z80 cpu portion and will be 
controlled by another cpu (i.e. cpu in ICE). 

Test terminal. It must be tied to ground. 

CLK/TRGO 

4 

Input 

External clock/timer trigger 

-CLK/TRG3 

ZC/TOO 

3 

Output 

Zero count/timer out 

-ZC/TC02 

lEI 

1 

Input 

Interrupt enable input for CTC 

lEO 

1 

Output 

Interrupt enable output for CTC 

XTAL1/XTAL2 2 

Input/Output 

X’tal input/output. Two times frequency is required 

MSI, MS2 

2 

Input 

for cpu operation. 

Mode control inputs 

CLK 

1 

Output 

MSI MS2 Mode 

0 0 IDLE 

0 1 Do not use 

1 0 STOP 

1 1 RUN 

Single phase system clock output. 

RESET 

1 

Input 

Reset input. 

INT 

1 

Input 

Maskable interrupt request. 

NMI 

1 

Input 

Non maskable interrupt request. 

Vcc 

1 


5V power supply. 

Vss 

1 


Ground reference. (OV) 
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I/O PORT CONFIGURATION AND ASSIGNMENT 


(1) Port configuration 


DO-D7 



Note) Each I/O bit can be programmed as input or output. When 
reset occurs, Direction control register and port register are 
cleared, therefore, all ports are in input mode. 

Content in Direction Register Port Direction 

0 Input 

1 Output 


(2) I/O assignment 


I/O Name 




Address 





I/O Function 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 


CTC 

(Counter 

/Timer) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

1 

$10 

$11 

$12 

$13 

Channel 0 

1 

2 

3 


0 

1 

0 

1 

0 

1 

0 

0 

$54 

Direction Register 


0 

1 

0 

1 

0 

0 

0 

0 

$50 

Port Register A 

Port B 

0 

1 

0 

1 

0 

1 

0 

1 

$55 

Direction Register 


0 

1 

0 

1 

0 

0 

0 

1 

$51 

Port Register B 

Port C 

0 

1 

0 

1 

0 

1 

1 

0 

$56 

Direction Register 


0 

1 

0 

1 

0 

0 

1 

0 

$52 

Port Register C 

Port D 

0 

0 

1 

1 

0 

1 

0 

0 

$34 

Direction Register 


0 

0 

1 

1 

0 

0 

0 

0 

$30 

Port Register D 

Port E 

0 

1 

0 

0 

0 

1 

0 

0 

$44 

Direction Register 


0 

1 

0 

0 

0 

0 

0 

0 

$40 

Port Register E 
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BLOCK DIAGRAM 


EV WAIT MREQ 



BUS AC 


BUSRQ 


RFSH 


RD 

WR 

fOR^ 

D0~D7 

A0~A15 


PA0~7 


PrO~7 


PC0~7 


Pdo~7 


PE0~7 
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TECHNICAL DATA 

TMPZ84C013AT-6 


TOSH I BA 


P re I imina ry 


TMPZ84C01SAT 
TMPZ84C013AT-6 

( CMOS Z80 Microprocessor ) 

Communications Control Processor 


Noveiber 1986 


TOSHIBA CORPORATION 
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TMPZ84C013AT/TMPZ84C013AT-6 
(CMOS Z80 MICROPROCESSOR) 
COMMUNICATIONS CONTROL PROCESSOR 


GENERAL DESCRIPTION 


TMPZ84C013AT is a low power CMOS Z80 8-bit microprocessor containing peripheral functions such 
as on-chip clock generator (CGC), counter timer circuit (CTC), serial input/output controller (SIO) and 
watch dog timer. 

TMPZ84C013AT is designed for broad range of communication applications and has two independent 
full-duplex channels with separate control and status lines for modems or other devices. 

TMPZ84C013A is fabricated with Toshiba’s MOS technology and molded in 84-pin PLCC package. 

FEATURES 


• Z80® software compatible 

• Low Power Consumption 

• High speed operation: TMPZ84C013AT 4MHz 

TMPZ84C013AT-6 6MHz 


• Single Power Supply: 5V+10^^ 

• On-chip clock generator and controller 

• On-chip peripheral functions 

(1) Four independent 8-bit counter/timer channels 

(2) Two independent full-duplex serial channels 

• Data rates of 0 to 800K bits/second in the xl clock mode with a 4MHz clock. 

• Asynchronous protocols in 5, 6, 7 or 8 bits/character including variable stop bits and several 
clock-rate multipliers; break generation and detection; parity; overrun and framing error detection. 

• Synchronous protocols: complete bit-or byte oriented IBM Bisync, SDLC, HDLC, CCITT-X.25 
and others. Automatic CRC generation/checking, sync character and zero insertion/deletion, 
abort generation/detection, and flag insertion. 

• Watch dog timer 

• On-chip dynamic memory refresh register (8-bit) 

• Four Operation mode including power save function. 

RUN mode (Normal operation) 

IDLEl mode (CPU operation is stopped, but only oscillator works) 

IDLE2 mode (CPU operation is stopped, but oscillator, counter/timer and system clock output 
operation is continued.) 

STOP mode (All operations are stopped) 

• Three modes of high speed interrupt processing: 8080 similar, non-Z80 peripheral device, and Z80 
family peripheral with or without daisy chain. 

• Extended operating temperature: “40°C to 85°C 

• Molded in 84-pin plastic leaded chip carrier. 


ZBO'"-"' is a trademark of Zilog Inc. 
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The following is I/O Assignment and additional functions to the standard Z80 family devices. 


1. I/O ASSIGNMENT 


I/O Name 

Address 

I/O Function 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 













CTC 

(Counter 

/timer) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

1 

#10 

#11 

#12 

#13 

Channel 0 

1 

2 

3 












SIO 

(Serial I/O) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

1 

#18 

#19 

#1A 

#1B 

Channel A Data 

A Command 
B Data 

B Command 












Watchdog 

timer 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

#F0 

#F1 

Watch dog Timer 
Control 












Daisy chain 

1 

1 

1 

1 

0 

1 

0 

0 

#F4 
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2. WATCHDOG TIMER 

FUNCTION REGISTER #FO 

(WRITE/READ) 


2-1. Write Operation (Command Set) 



D7 

D6 D5 

D4 D3 

D2 

D1 

DO 

#FO 

I WDT Enable 

Timer Out I 

MODE 

Li-J 

1 

-iJ 


0: Disable 
1: Enable 


Note)* 


0 

0: 

16 

ms 

0 

1: 

64 

ms 

1 

0: 

256 

ms 

1 

1: 

1000ms 


Note)* 


When a command is loaded to 
Watchdog Timer Function Register 
(address #FO), D2, D1 and DO 
must be as follows. 

[ D2 = 0 
D1 = 1 
DO = 1 


MSI MS2 

IDLE 1 0 0 

IDLE 2 0 1 

STOP . 1 0 

RUN . 1 1 


Note)* 


Note)*When RESET occurs, Timer Out will be set as 1000 ms. 

Also cpu will be set in Run Mode and Watchdog Timer is enabled. 


2-2. Read Operation (Status Read) 



D7 

D6 D5 

D4 

D3 

D2 

D1 

DO 

#Fo r 

WDT Enable j 

Timer Out j 


MODE 


j_^ 

^ ,1 


When status is read out from address #FO, D1 and DO will be always high (“1”) and the other (D7 
through D2) will be in the status when a command has been loaded. 
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2-3. Commands 


1) D7 (Enabling the watchdog timer) 


*) D7=l : Watch Dog Enable 
D7=0 : Watch Dog Disable 

Note*) When RESET occurs, watch-dog timer is enabled (D7 = l). 
2) D6, D5 (Determining time period for prescaler) 


D6 D5 

0 0 

0 1 

1 0 

1 1 


Time 
16 ms 
64 ms 
256 ms 
1000 ms 


at 4MHz 


Note*) When RESET occurs, prescaler will be set as 1000 ms. 
3) D4~D3 (Mode control for clock generator) 


D4 D3 

0 0 IDLEl 

0 1 IDLE2 

1 0 STOP 

1 1 RUN 


*) 

Note*) When RESET occurs, CPU will be set as RUN mode. 


Mode 

Internal operation 

CLKOUT 

Status 

CG 

CPU 

WD Timer 

CTC 

SIO 

IDLE 1 

0 

s 

S 

s 

s 

S 

IDLE 2 

0 

s 

s 

0 

s 

0 

STOP 

S 

s 

s 

s 

s 

s 

RUN 

0 

0 

0 

0 

0 

0 


0.Operating (CLKOUT and CLKIN must be connected.) 

S.Stop 


0.Operating (CLKOUT and CLKIN must be connected.) 

S.Stop 
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4) Dl==l, DO-1 


When a command is loaded to address #FO, D1 and DO must be high (“1”). 
Output Pulse width of WDTOUT. 

a. When WDTOUT terminal is : Low level pulse during five clock cycles will be 
connected with RESET output. 

terminal. 

b. When WDTOUT tenninal is : Low level pulse will be output until software reset 
connected with other than or hardware reset is generated. 

RESET terminal. 


3. WATCHDOG TIMER FUNCTION REGISTER #F1 


(WRITE ONLY) 


#F1 


I 1 r~ [~i' 


(Explanation for commands) 

1) “Bl” : Disable Watchdog Timer 

D7 of I/O address #F0 must be cleared and then #B1 
must be loaded to I/O address #F1. 

2) “4E” : Clear Watchdog Timer 

#4E Must be loaded to I/O address #F1. This command is 
independent of D7 of I/O address #F0. 

3) “DB” ; Updating content of D4 and D3 in I/O address #F0: 

#DB must be loaded to I/O address #F1 before updating 
D4 and D3. 
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TMPZ84C013AT 

TECHNICAL DATA 

TMPZ84C013AT-6 


4. INTERRUPT PRIORITY CONTROL REGISTER 


#F4 (WRITE ONLY) 


6 5 4 3 2 1 0 


#F4 


(Priority) 

* CTC — SIQ _0 

SIO — CTC 1 

*) After Reset 


5. RFSH ADDRESS 

A7’ is added to refresh dynamic RAM in Ml cycle automatically. 



Ml 


RFSH ADDR A07~A00 

of Standard Z80 cpu 
PFSH 




RFSH ADDR = 7FH 


X 


RFSH ADDR = OOH 


XZ 


A7RF 


RFSH ADDR A00-A07 
of TMPZ84C013A 


‘7FH’ 


‘80H’ 







INTEGRATED CIRCUIT 

TMPZ84C013AT 

TOSHIBA 

TECHNICAL DATA 

TMPZ84C013AT-6 


PIN CONNECTION 
84-PIN PLCC 


<:<t:<t:>QQQQQQQQ 


„-QLi.„nn, n „ n n., n .Q.o nn.nn n nnn rmn 



11 

1 84 

75 


A4 C 

12 


74 

□ CLK/TRGl 

A3 C 




D CLK/TRG2 

A2 C 




□ CLK/TRG3 

A1 C 




□ ZC/T03 

AO C 




□ ZC/T02 

Ml II 




□ ZC/TOl 

BUSREQ C 




□ ZC/TOO 

WAIT C 




□ CLKIN 

WR □ 




□ CLKOUT 

lORQ C 


TMPZ84C013AT 


□ NC 

vss C 




□ XTAL2 

MREQ C 




□ XTALl 

NC C 




□ VSS 

iW C 




□ WDTOUT 

RFSH C 




□ lEI 

NC C 




□ lEO 

RESET C 




□ EV 

BUSACK C 




□ NC 

RD C 




□ NMI 

HALT □ 




□ A7RF 

W/RDYA □ 



54 

□ w/rdyb" 


33 

42 43 

53 



JUUUUUUUUUUU 

uuuuuuuu 

<! < 

< 

<u c 

< 

< 

C 

C 

< O 

pq 

PQ 

PQ 

PQ 

m PQ 

PQ 

m pp 

O Q 

o 

O Q 


m 


Q 

O' O 

O' 

Q 

rn 

GO 

Pi Q 

Q 

O Q 

x* p^, 
m 

a 

H Eh 



H 

O 

O 

Q 

H > 

Pi 

Q 

S 

Pi 

Q 

o 

Q 

H 

O 



X 

H 

X X 

Pi P5 


— 794 — 






integrated circuit 

TOSHIBA 

TMPZ84C015AF 

TECHNICAL DATA 

TMPZ84C015AF-6 


TOSHIBA 


P re I imina ry 


TMPZ84C015AF 
TMPZ84C015AF-6 

( CMOS Z80 Microprocessor ) 

Communications Control Processor 


Noveiber 1986 


TOSHIBA CORPORATION 
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TOSHIBA 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMPZ84C015AF/TMPZ84C015AF-6 
(CMOS Z80 MICROPROCESSOR) 
COMMUNICATIONS CONTROL PROCESSOR 


GENERAL DESCRIPTION 

TMPZ84C015A is a low power CMOS Z80 8-bit microprocessor containing peripheral functions such 
as on-chip clock generator (CGC), counter timer circuit (CTC), parallel input/output (PIO), serial 
input/output controller (SIO) and watch dog timer. 

TMPZ84C015A is designed for broad range of communication applications and has two independent full- 
duplex channels with separate control and status lines for modems or other devices. 

TMPZ84C015A is fabricated with Toshiba’s MOS technology and molded in iOO-pin flat package. 

FEATURES 

• Z80® software compatible 

• Low Power Consumption 

• High speed operation: TMPZ84C015AF 4MHz 

TMPZ84C015AF-6 6MHz 

• Single Power Supply: 5V±10% 

• On-chip clock generator and controller 

• On-chip peripheral functions 

(1) Four independent 8-bit counter/timer channels 

(2) Two independent full-duplex serial channels 

• Data rates of 0 to 800K bits/second in the xl clock mode with a 4MHz clock. 

• Asynchronous protocols in 5, 6, 7 or 8 bits/character including variable stop bits and several 
clock-rate multipliers; break generation and detection; parity; overrun and framing error detection. 

• Synchronous protocols: complete bit-or byte oriented IBM Bisync, SDLC, HDLC, CCITT-X,25 
and others. Automatic CRC generation/checking, sync character and zero insertion/deletion, 
abort generation/detection, and flag insertion. 

(3) Two independent 8-bit input/output ports with handshake function. 

• Watch dog timer 

• On-chip dynamic memory refresh register (8-bit) 

• Four Operation mode including power save function. 

RUN mode (Normal operation) 

IDLEl mode (CPU operation is stopped, but only oscillator works) 

IDLE2 mode (CPU operation is stopped, but oscillator, counter/timer and system clock output 
operation is continued.) 

STOP mode (All operations are stopped) 

• Three modes of high speed interrupt processing: 8080 similar, non-Z80 peripheral device, and Z80 
family peripheral with or without daisy chain. 

• Extended operating temperature: —40°C to 85 °C 

• Molded in 100-pin flat package. 


Z80® is a trademark of Zilog Inc. 





INTEGRATED CIRCUIT 

TMPZ84C015AF 

TOSHIBA 

TECHNICAL DATA 

TMPZ84C015AF-6 


The following is I/O Assignment and additional functions to the standard Z80 family devices. 


1. I/O ASSIGNMENT 



Address 

I/O Function 

A7 

A6 

A5 



A2 

A1 

AO 




■ 

■ 








CTC 

(Counter 

/timer) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

1 

#10 

#11 

#12 

#13 

Channel 0 

1 

2 

3 


■ 

■ 

■ 




B 

B 



SIO 

(Serial I/O) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

1 

#18 

#19 

#1A 

#1B 

Channel A Data 

A Command 
B Data 

B Command 

PIO 

(Paraller I/O) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 


1 

1 

1 

1 

0 

0 

1 

1 

0 

1 

0 

1 

#1C 

#1D 

#1E 

#1F 

Channel A Data 

A Command 
B Data 

B Command 




1 

1 

B 


0 

0 

0 

0 


#F0 

#F1 

Watch dog Timer 
Control 













D 

1 

1' 

1 

D 


D 

0 

#F4 



■ 

■ 

■ 

B 

B 


B 

B 
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INTEGRATED CIRCUIT 

TfflPZ84C015AF 

TOSHIBA 

TECHNICAL DATA 

TMPZ84C015AF-6 


2. WATCHDOG TIMER 

FUNCTION REGISTER #FO 

(WRITE/READ) 


2-1. Write Operation (Command Set) 



D7 

D6 D5 

D4 D3 

D2 

D1 

DO 

#FO 

1 WDT Enable 

Timer Out | 

MODE 

1 ^ 1 

LjJ 

LiJ 


0: Disable 
1: Enable 


Note)* 


0 

0: 

16 

ms 

0 

1: 

64 

ms 

1 

0: 

256 

ms 

1 

1: 

1000ms 


Note)* 


When a command is loaded to 
Watchdog Timer Function Register 
(address #FO), D2, D1 and DO 
must be as follows. 

[ D2 - 0 
D1 = 1 
DO - 1 


MSI MS2 

IDLE 1 0 0 

IDLE 2 0 1 

STOP . 1 0 

RUN . 1 1 


Note)* 


Note)*When RESET occurs, Timer Out will be set as 1000 ms. 

Also cpu will be set in Run Mode and Watchdog Timer is enabled. 


2-2. Read Operation (Status Read) 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

I WDT Enable | 

1 Timer 

Out 1 


MODE 


i_i_ 

1_U 


When status is read out from address #FO, D1 and DO will be always high (“1”) and the other (D7 
through D2) will be in the status when a command has been loaded. 
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INTEGRATED CIRCUIT 

TMPZ84C015AF 

TOSHIBA 

TECHNICAL DATA 

TMPZ84C015AF-6 


2-3. Commands 


1) D7 (Enabling the watchdog timer) 


*) D7 = l : Watch Dog Enable 
D7=0 : Watch Dog Disable 

Note*) When RESET occurs, watch-dog timer is enabled (D7=l). 

2) D6, D5 (Determining time period for prescaler) 


D6 D5 

0 0 

0 1 

1 0 

1 1 


Time 
16 ms 
64 ms 
256 ms 
1000 ms 


at 4MHz 


Note*) When RESET occurs, prescaler will be set as 1000 ms. 


3) D4~D3 (Mode control for clock generator) 


D4 D3 

0 0 IDLEl 

0 1 IDLE 2 

1 0 STOP 

1 1 RUN 


*) 


Note*) When RESET occurs, cpu will be set as RUN mode. 


Mode 

Internal operation 

CLKOUT 

Status 

CG 

CPU 

PIO 

WD Timer 

CTC 

SIO 

IDLE 1 

0 

s 

s 

S 

s 

s 

S 

IDLE 2 

0 

s 

s 

s 

0 

s 

0 

STOP 

S 

s 

s 

s 

s 

s 

S 

RUN 

0 

0 

0 

0 

0 

0 

0 


0.Operating (CLKOUT and CLKIN must be connected.) 

S.Stop 


- 799 - 









INTEGRATED CIRCUIT 

TMPZ84C015AF 

TOSHIBA 

TECHNICAL DATA 

TMPZ84C015AF-6 


4) Dl==l, D0=1 


When a command is loaded to address #FO, D1 and DO must be high (“1”). 
Output Pulse width of WDTOUT. 

a. When WDTOUT terminal is : Low level pulse during five clock cycles will be 
connected with RESET output. 

terminal. 

b. When WDTOUT terminal is : Low level pulse will be output until software reset 
connected with other than or hardware reset is generated. 

RESET terminal. 


3. WATCHDOG TIMER FUNCTION REGISTER #F1 


(WRITE ONLY) 



(Explanation for commands) 

1) “Bl” : Disable Watchdog Timer : D7 of I/O address #F0 must be cleared and then #B1 

must be loaded to I/O address #F1. 

2) “4E” : Clear Watchdog Timer : #4E Must be loaded to I/O address #F1. This 

command is independent of D7 of I/O address #F0. 

3) “DB” : Updating content of D4 and D3 in I/O address #F0: 

#DB must be loaded to I/O address #F1 before 
updating D4 and D3. 
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INTEGRATED CIRCUIT 

TMPZ84C015AF 

TOSHIBA 

TECHNICAL DATA 

TMPZ84C015AF-6 


4. INTERRUPT PRIORITY CONTROL REGISTER 


#F4 (WRITE ONLY) 


7 6 5 4 3 2 1 0 


#F4 


(Priority) 

CTC — SIO — PIO 

0 

0 

0 

*) 

After 

SIO — CTC — PIO 

0 

0 

1 

Reset 

CTC — PIO — SIO 

0 

1 

0 


PIO — SIO — CTC 

0 

1 

1 


PIO — CTC — SIO 

1 

0 

0 


SIO - PIO - CTC 

1 

0 

1 



5. RFSH ADDRESS 

A7’ is added to refresh dynamic RAM in Ml cycle automatically. 



Ml 


RFSH ADDR A07~A00 
of Standard Z80 cpu 
PFSH 


“ ^RFSH ADDR = 7FH 


X 


A7RF 


X 


RFSH ADDR = OOH 


xz; 


‘7FH’ 


‘80H’ 


RFSH ADDR A00-A07 
of TMPZ84C013A 
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_INTEGRATED CIRCUIT 


TOSHIBA 

TMPZ84C015AF 

TECHNICAL DATA 

TMPZ84C015AF-6 


PIN CONNECTION 


o 

o 

cr 


A5 C 
A4 C 
A3 C 
A? C 
A1 C 
AO C 
RF^ C 
Ml C 
RESET C 


BUSREO 


WAIT C 


BUSACK 

RD 

VSS 

MREQ 

H ALT 

INT 

ARDY 

ASTB 

PA7 

PA6 

PAS 

PA4 

PA3 

PA2 

PAl 

PAO 

W/RDYA 


o^<MC>o^«r>o<-N 

<£)r^oocn»- — 

<<<<<<<<<<>000 


CO 'ey in to _j 
O O O O O O 




1-5 


J"10 


r 15 



100 




95 


90 


80 


75 


70 


TMPZ84C015AF 

TMPZ84C015AF-6 


65 H 


h 20 


60 H 


h 25 


55 H 


30 


35 


40 


45 


50 




III 

>- K I 


< ^ < 
lo o a: 

X X >- 
H- o 


) k/) ^ o o o 


CD CD CD OD CD 

cr Q u u o 

K X X X X 

o h- I- cr cr 


□ CLK/TRGl 

□ CLK/TRG2 

□ CLK/TRG3 

□ ZC/T03 

□ ZC/T02 

□ ZCAOl 
3 ZCAOO 


□ WDTOUT 

□ lEI 
D lEO 

□ A7RF 
D CUKIN 

□ CLKOUT 

□ EV 

□ XTAL2 

□ XTALl 

□ VSS 


□ NMl 


13 BRDY 
D BSTB 

□ PB7 
H PB6 
D PBS 

□ PB4 
D PB3 

□ PB2 

□ PB1 

□ PBO 


3 W/RDYB 
3 SYNCB 


Note) ICT terminal must be open 





INTEGRATED CIRCUIT 

TMPZ84C015AF 

TOSHIBA 

TECHNICAL DATA 

TMPZ84C015AF-6 


BLOCK DIAGRAM 



. RFSH 
“ WR 


CTSA ' ' 
RTS A 
DTRA 

W/RDYA 

■ SYNCA 
RXDA 
RXCA 
TXCA 

' TXDA 

. TXDB 
TXCH 
RX('H 
RXDH 
S\N('H 
W/RDYB 

DTRB 

■ RTS B 
CTSB, 
DCDB 


W I) TOUT 
A7RF 


D0-D7 Aoo~A,s 


Note (1) Control circuit 
(2) Decoder 


803 
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TMP82C54P 

TECHNICAL DATA 

TIIIIP82C54P-2 


TMP82C54P/TMP82C54P-2 
PROGRAMMABLE INTERVAL TIMER 

The TMP82C54P/P-2 is a programmable counter/timer fabricated in Silicon Gate CMOS technology 
which provide low power operation and high performance. It is organized as three independent 16-bit 
counters, with high clock rate input. 

The TMP82C54P/P-2 has six operational modes. All modes of operation are software programmable. 
The TMP82C54P/P-2 is a superset of TMP82C53P-2. 

FEATURES 

(1) Pin compatible with TMP82C53P-2 

(2) Three independent 16-bit counters 

(3) Counter latch command 

(4) Status Read-Back command 

(5) Six programmable Counter Modes 

(6) Count Binary or BCD 

(7) High speed 

TMP82C54P-2 Clock inputs lOMHz Max. 

TMP82C54P Clock inputs 8MHz Max. 

(8) Low power consumption 

30mA Max. (at operation) 
lOjuA Max. (at power down) 

(9) Operating temperature —40 to 85°C 

(10) Supply voltage 5V ± 10% 


PIN CONNECTIONS (Top View) 


D7 C 


y 24 

3 Vcc 

D6 C 

2 

23 

□ WR 

D5 □ 

3 

22 

□ RD 

D4 C 

4 

21 

□ CS 

D3 C 

5 

20 

□ A1 

D2 C 

6 

19 

D AO 

D1 C 

7 

18 

D CLK 2 

DO C 

8 

17 

□ OUT 2 

CLKO C 

9 

16 

□ GATE 2 

OUTO c: 

10 

15 

D CLKl 

GATE 0 c 

11 

14 

D GATE 1 

Vss(GND) C 

12 

13 

b OUTl 
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INTEGRATED CIRCUIT 

TMP82C54P 

TOSHIBA 

TECHNICAL DATA 

TMP82C54P-2 



PIN NAMES AND PIN DESCRIPTION 


Pin Name 

Input/ Output 

Function 

D7 - DO 

CLK 2 - CLK 0 

GATE 2 - GATE 0 

OUT 2 - OUT 0 

A1 - AO 

RD 

WR 

CS 

VCC, GND 

I/O 

Input 

Input 

Output 

Input 

Input 

Input 

Input 

Power supply 

Data bus 

Counter clock inputs 

Counter gate inputs 

Counter outputs 

Counter address 

Read signal 

Write signal 

Chip select 
+5V, OV 
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INTEGRATED 




•IBA 

TP' HNICAL 


TMP82C54P 

TMP82C54P-2 


ABSc ..viAIUM RATINGS 


SYMBOL 

; ITEMS 

TEST CONDITION 

RATING 

UNIT 

Vcc 

Supply Voltage 

With Respect 

To GND. 

-0.5 to +7.0 

V 

VIN 

Input Voltage 

—0.5 to Vcc+0.5 

V 

VOUT 

Output Voltage 


—0.5 to Vcc+0.5 

V 

PD 

Power Dissipation 


250 

mW 

Tsoi 

Solder Temperature 


260 (10 sec) 

°C 

Tstg 

Storage Temperature 


-65 to +150 

°C 

Topr 

Operating Temperature 


-40 to +85 

"C 


DC CHARACTERISTICS (Ta=-40 to +85°C, Vcc=5V+10%, Vss (GND)=OV) 


SYMBOL 

ITEMS 

TEST CONDITONS 

MIN. 

TYP. 

MAX. 

UNIT 

VIL 

Input Low Voltage 


-0.5 


0.8 

V 

VIH 

Input High Voltage 


2.2 


Vcc+0.5 

V 

VOL 

Output Low Voltage 

IOL=2.2mA 



0.45 

V 

VOH 1 

Output High Voltage 

IOH=-400mA 

2.4 



V 

VOH 2 

Output High Voltage 

IOH=-100jiiA 

VCC-0.8 



V 

IIL 

Input Leakage Current 

OV < VIN < VCC 



±10 

juA 

lOFL 

Output Leakage Current 

0.45 < VOUT <VCC 



±10 

M 

ICC 1 

Operating Supply Current 

CLK=10MHz 

VIH=VCC-0.2V 

VIL=0.2V 


3 

30 

mA 

ICC 2 

Stand-by supply Current 

CLK=DC 

VIH=VCC-0.2V 

VIL=0.2V 



±10 

fiA 


AC CHARACTERISTICS (Ta=-40 to +85°C, VCC=5V±10%, Vss (GND)=OV) 
READ/WRITE 


SYMBOL 

— 

ITEM 

TMP82C54P 

TMP82C54P-2 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tAR 

Address Set-up Time (RD) 

30 


30 


ns 

tSR 

CS Set-up Time (RD) 

0 


0 


ns 

tRA 

Address Hold Time (RD) 

20 


20 


ns 

tRR 

RD Pulse Width 

150 


95 


ns 

tRD 

Valid Data (RD) 


120 


85 

ns 

tAD 

Valid Data (Address) 


220 


185 

ns 

tDF 

Data Floating (RD) 

5 

85 

5 

65 

ns 

tAW 

Address Set-up Time (WR) 

0 


0 


ns 

tsw 

CS Set-up Time (WR) 

0 


0 


ns 

tWA 

Address Hold Time (WR) 

0 


0 


ns 

tww 

WR Pulse Width 

150 


95 


ns 

tDW 

Data Set-up Time (WR) 

120 


95 


ns 

tWD 

Data Hold Time (WR) 

0 


0 


ns 

tRV 

Recovery Time 

200 


165 

_ 1 

ns 
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TMP82C54P 

TECHNICAL DATA 

TMP82C54P-2 


CLOCK/GATE 


SYMBOL 

ITEM 

TMP82C54P 

TMP82C54P-2 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tCLK 

Clock Period 

125 

DC 

100 

DC 

ns 

tPWH 

CLK High Pulse Width 

50 


30 


ns 

tPWL 

CLK Low Pulse Width 

50 


30 


ns 

tR 

CLK Rise Time 


25 


25 

ns 

IF 

CLK Fall Time 


25 


25 

ns 

tGW 

GATE Width High 

50 


50 


ns 

tGL 

GATE Width LOW 

50 


50 


ns 

tGS 

GATE Set-up Time (CLK) 

50 


40 


ns 

tGH 

GATE Hold Time (CLK) 

50 


50 


ns 

tOD 

Output Delay From CLK 


150 


100 

ns 

tODG 

Output Delay From GATE 


120 


100 

ns 

twc 

Count Loading Set-up Time (CLK) 

100 


80 


ns 

tWG 

WR Set-up Time (GATE) 

0 


0 


ns 

two 

Output Delay Ffoui Command Write 


260 


240 

ns 

tCL 

CLK Set-up Time (Count Latch) 

85 


68 


ns 


INPUT CAPACITANCE (■Ta-25°C, Vcc=Vss (GND)=V) 


SYMBOL 

ITEM 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

CIN 

Input Capacitance 

fc-lMHz 
Unmeasured pins, 

OV 



10 

pF 

CI/0 

Input/Output 

Capacitance 



20 

pF 


AC TESTING INPUT WAVE FORM 
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__ INTEGRATED CIRCUIT 

TMP82C54P 

TOSHIBA 

TECHNICAL DATA 

TMP82C54P-2 



CLOCK & GATE TIMING 






3.2 MIN 


__ INTEGRATED CIRCUIT 

TMP82C54P 

TOSHIBA 

TECHNICAL DATA 

TMP82C54P-2 



Note) Lead pitch is 2.54mm and tolerance is ±0.25mm against theoretical center of each lead that is obtained 
on the basis of No. 1 and No. 24 leads. 
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integrated circuit 

TOSHIBA 

TLCS-Z80 FAMILY 

TECHNICAL DATA 

IN PLCC 


TLCS-Z80 CMOS FAMILY IN PLASTIC LEADED CHIP CARRIER. 


TMPZ84C00AT/TMPZ84C00AT-6 

TMPZ84C10AT/TMPZ84C10AT-6 

TMPZ84C20AT/TMPZ84C20AT-6 

TMPZ84C30AT/TMPZ84C30AT-6 

TMPZ84C44AT/TMPZ84C44AT-6 


These devices are CMOS Z-80 Family in 44 pin PLCC. 


The function, A.C. and D.C. characteristics are same as in DIP or Flat Package. 


REFERENCE TABLE 


PART NUMBER 

FUNCTION 

CLOCK 

REFERENCE 

TMPZ84C00AT 

Z80A CPU 

4MHZ 

TMPZ84C00AP 

TMPZ84C10AT 

Z80A DMA 

4MHZ 

TMPZ84C10AP 

TMPZ84C20AT 

Z80A PIO 

4MHZ 

TMPZ84C20AP 

TMPZ84C30AT 

Z80A CTC 

4MHZ 

TMPZ84C30AP 

TMPZ84C44AT 

Z80A SIO 

4MHZ 

TMPZ84C43AF 

TMPZ84C00AT-6 

Z80B CPU 

6MHZ 

TMPZ84C00AP-6 

TMPZ84C10AT-6 

Z80B DMA 

6MHZ 

TMPZ84C10AP-6 

TMPZ84C20AT-6 

Z80B PIO 

6MHZ 

TMPZ84C20AP-6 

TMPZ84C30AT-6 

Z80B CTC 

6MHZ 

TMPZ84C30AP-6 

TMPZ84C44AT-6 

Z80B SIO 

6MHZ 

TMPZ84C43AF-6 
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_INTEGRATED CIRCUIT 

TMPZ84C00AT 

TOSHIBA 

TMPZ84C00AT-6 

TECHNICAL DATA 

TMPZ84C00AT-8 


PIN CONNECTION 

44-Pin PLCC Package (TLCS-Z80 CPU) 
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__ INTEGRATED CIRCUIT 


TOSHIBA 

immzmi 

TECHNICAL DATA 

TMPZ84CAT-6 








































INTEGRATED CIRCUIT 


TOSHIBA 

TMPZ84C30T 

TECHNICAL DATA 

TMPZ84C30AT-6* 


PIN CONNECTION 

44-Pin PLCC Package (TLCS-Z80 CTC) 


Ot^ccOio-^coiMT—loO 

:z;qq:z;qqqqqq;z; 
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. INTEGRATED CIRCUIT 

TMPZ84C44T 

TOSHIBA 

TECHNICAL DATA 

TKIPZ84C44AT-6 


PIN CONNECTION 

44-Pin PLCC Package (TLCS-Z80 SIO) 



lO 

CQ 

t-H O 

CN 


CD 

(y 

p:5 

Q 


\C\ Q 

Q 

Q 

Q Q 

Q 

Q 

Q 

h-H 

lo 



B/A 

C/D 

RD 

vss 

w/rMb 

sync¥ 

RXDB 

RXCB 

T^B 

TXDB 

NC 
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TOSHIBA 


INTEGRATED CIRCUIT 


TLCS'ZSO FAMILY 
IN PLCC 


TECHNICAL DATA 








integrated circuit 

TOSHIBA 

CMOS TLCS-48 

TECHNICAL DATA 

IN PLCC 


TLCS-48 CMOS FAMILY IN PLASTIC LEADED CHIP CARRIER* 


TMP80C48AT/TMP80C49AT/TMP80C50AT 

TMP80C35AT/TMP80C39AT/TMP80C40AT 

These devices are TLCS-48 Family in 44 pin PLCC. 

The function, AC and DC characteristics are same as in DIP or Flat Package. 


REFERENCE TABLE 


PART NUMBER 

ROM 

RAM 

CLOCK (Mhz) 

REFERENCE 

TMP80C48AT 

Ik X 8 

64 X 8 

11 

TMP80C48AP 

TMP80C49AT 

2k X 8 

128 X 8 

11 


TMP80C50AT 

4k X 8 

256 X 8 

11 


TMP80C35AT 


64 X 8 

11 


TMP80C39AT 


128 X 8 

11 

TMP80C39AP 

TMP80C40AT 


256 X 8 

11 

TMP80C40AP 


* See Page 597 for description of NMOS TLCS-48 Devices in PLCC. 
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integrated circuit 

TOSHIBA 

CMOS TLCS-48 

TECHNICAL DATA 

IN PLCC 


PIN CONNECTIONS 


C/} 




T—4 





hP 

hP 




CO 

< 

c 



o 


H 


o 

O 

O rH 

P:^ 

X 

X 

H 

X 

> H 


O CD 
(M (M 

Ph Ph 


lO 

CN 


Ph 



P24 

P17 

P16 

P15 

P14 

NC 

P13 

P12 

Pll 

PIO 

P^ 
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TOSHIBA 


INTEGRATED CIRCUIT 


CMOS TLCS-48 
IN PLCC 


TECHNICAL DATA 










TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


ERRATA SHEET 


VOL. 1. CORRECTIONS 


PAGE 

HEADING/SECTION/ 
TABLE/FIG./ADDITION 

UNE/ 

FIGURE 

CORRECTION 

NOW READS 

3 

Feature / 1.1 

9 

NMI 

mmT 

201 

General Description 

(15) 

28 Pin 

40 Pin 


And Features 






229 

Fig. 2.2 (a) SIO Version 

Fig. 2 & 3 

SIO/1 & SIO/2 

All Figures 

SIO/0 

274 

Fig. 2.1 Pin Connection 

Pin Numbering 

Pin No. (16-9) should 

Currently reads (16-23) 




read Top to Bottom 

Top to Bottom 

277 

Table 3.1, T6497 

Column of MS 

MSI 

MS2 

MS2 

MS2 


Operation Modes 


1 

1 

1 

1 




0 

* 

0 

* 




1 

0 

1 

1 

287 

Additional Info. 


Cl for any output is 






100 pF 



265 

AC Electrical 

15 

TdlEI (lEO r) 160 ns 

160 Min. 


Characteristics 


Max not Min. 



221 

Page Heading 

Top Comer 

TMPZ84C30... 

TMPZ84C40... 



(right) 





570 

AC Electrical 

Table 

tww 

160 

tww 

140 


Characteristics 


tWD 

30 

tWD 

10 
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TOSHIBA 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


ERRATA SHEET (Continued) 


VOL. 1. CORRECTIONS 


Page: —639—, —663—, —687—, 
Incorrect 


tRDl 

Data Input Read Time (RD) 


6t-170 

- 

375 

ns 

tRD2 

Data Input Read Time (PSEN) 


4.5t-170 

- 

240 

ns 

tADl 

Address Setup Time (RD) 


10.5t-220 

- 

730 

ns 

tAD2 

Address Setup Time (PSEN) 


7.5t-200 

- 

460 

ns 


Correct 


tRDl 

Data Input Read Time (RD) 


5.5t-120 

- 

375 

ns 

tRD2 

Data Input Read Time (P S EN) 


4t-120 

- 

240 

ns 

tADl 

Address Setup Time (RD) 


lOt-170 

- 

730 

ns 

tAD2 

Address Setup Time (PSEN) 


7t-170 

- 

460 

ns 


Page: —643—, —667—, —691—, 
Incorrect 


tRDl 

Data Input Read Time (RD) 


6t-170 

- 

830 

ns 

tRD2 

Data Input Read Time (PSEN) 


4.5t-170 

- 

580 

ns 

tADl 

Address Setup Time (RD) 


10.5t-220 

- 

1530 

ns 

tAD2 




■Bli 


ns 


Correct 


tRDl 



5.5t-120 

- 


ns 

tRD2 

Data Input Read Time (PSEN) 


4t-120 

- 

550 

ns 

tADl 

Address Setup Time (RD) 


lOt-170 

- 

1500 

ns 

tAD2 

Address Setup Time (PSEN) 


7t-170 

- 

1000 

ns 
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